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PREFACE 
Today, with so much emphasis on space travel, the pro-
gress of science affects·us in many ways. American people 
feel the need of advancement in science now, more than ever 
before. More thorough and complete courses of study in the 
fields of science need to be injected into our high schools 
and colleges if we are to avoid serious criticism. One of the 
objectives of our school curriculum today is to produce more 
scientists and develop a fuller understanding of scientific 
methods. 
Until recently science was not included in the ele-
mentary school program. Today, however, science seems to be 
increasingly dominating the lives of our elementary school 
children and our school population in general. Today, ele-
mentary school children are deeply interested in science, and 
science has become an accepted part of our curricul~. 
Science may be expanded or limited to suit the needs 
and capabilities of the individual. Therefore, it seems that 
the desired results of fuller science programs may be obtained, 
if the curriculum is enriched, particularly for the gifted 
children. 
Many gifted children have a keen interest in science 
through all the grades. Many have a well developed knowledge 
of certain phases of science through radio and television 
programs and through reading. A thoroughly enriched program 
iv 
: , .;~~~~~~-~~:::~t47T~·~:,:;:~:,~~;f;f~:~:~' ;!'· 
-~·...,; -. 'i'" • 
. -~---· . v 
:for gifted children in science will keeJJ> the aeademf'~-~),..'l"y · 
talented child 01a the alert and promote :fB.rther iE.-t#Ji@J~~~ i:ro. 
. .,,- ·~,- ' ' 
the seiemtific :field. This giftea child may very w~::I!ff:rrl~~e 
, .::~·-<;... . 
seieRtif'ic. C01iltrib1lltic:ms fr0m which many· will be:mef~'!t ~~~<!1. .,· 
may i:m f'ae-t 80me day be a very premis hag s eientist. >:_~~/~-
~··l''1 •, r~_ . ~ , ,,-~ 
. ~ -;- ~:'f. ' "'"1 
;.: t~ !.--~~ ~:;~- -~';;; ~-
TABLE OF CONTENTS 
C&PTER 
II. 
INTRODUCTION . . . . . . . . . . 
Statement of the Problem . . . . . . . . 
Justification of the Problem 
Scope of the Problem 
Limitation of the Problem • 
. . . . . 
. ~ . . . 
. . . . . . . . . . 
REVIEW OF RESEARCH • • • . . . . . . . . . . 
Who Are the Gifted? • 
Characteristics 
Identification • • • 
Educating the Gifted 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . . . . 
. . . . . . . . . . . 
Special classes • . . . . . . . . . . 
acceleration 
Enrichment 
. . . . . . . . 
. . . . . . . . . . 
. . . . . . 
. . . . . 
Heredity and Environment • • • • • • • • • 
Racial and national background . . . . . 
Socio-economic status • • • • • • • • • • • • 
Occupational and informational level of 
parents • • • • . • • • • • • • 
Sex • . . . . . . . . . . . . 
Science for the Gifted Child 
Importance of science education • 
Identifying the future scientist 
Responsibility of public schools 
. .. 
. . . . 
. . . . 
PAGE 
1 
1 
1 
2 
2 
6 
6 
6 
7 
11 
11 
12 
13 
15 
16 
19 
20 
21 
22 
22 
24 
25 
vi 
CHAPTER 
III. 
IV. 
v. 
Attributes of the scientifically gifted 
child • . . . . . . . . . . . . . 
Teachers' goals •. . . . . . . 
Sunnnary • • • • • • • . . . . . . . . . . . 
PROCEDURE OF THE STUDY . .. . . . 
Materials Chosen . . . . . • • 
Areas Chosen . . . . . . . . . 
Summaries Constructed • . . 
Book Plan . . . . . . . . . . 
Presentation of materials • . . . . . . 
Bibliographies 
Evaluation 
ANALYSIS OF DATA .• 
. . . . . . . . . . . . . 
. . . . . . . . . . .. . 
. . . . . . . . . . . . . 
Introduction • • . • • • • • • • • • • • • 
Tables . . . . . . . . . . . . . . . . . . 
SCIENCE BOOK . . . . . . . . . . . . . . 
Area I--Plants 
Area II--Animals . . . . . . . . . . . . . . . 
Area III-~Weather • • . . . . . . . . . . 
A.rea IV--The Sky • • • . . • • • • • • 
VI. CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY • • 
Conclusions . . . . . 
Suggestions for Further Study • • • • • • • 
BIBLIOGRAPHY • • • • • . • • • • • • • • • 
PAGE 
26 
28 
29-
32 
33 
33 
33 
34 
34 
34 
35 
36 
37 
37 
51 
52 
135 
189 
274 
343 
344 
345 
346 
vii 
LIST OF TABLES 
TABLE PAGE 
I. Occupational Status or Jewish and Non-Jewish 
Fathers • • • •• . . 
II. Grade Four Understandings on Plants, as 
Presented in the Heath Elementary Science 
Series . . . . . . . . . . . . . 
III. Grade Five Understandings on Plants, as 
Presented in the Heath Elementary Scie.nce 
Series .............. , ... . 
IV. Grade Six Understandings on Plants., as 
Presented in the. Heath Elementary Science 
. . 
Series . . . . . . . . . . . . . . . . . . . 
V. Grade Four Understandings on Animals, as 
Presented in the Heath Elementary Science 
Series . . . . . . . . . . . . . . . . . . . . 
VI. Grade.Five Understandings on Animals, as 
Presented in the Heath Elementary Science 
Series • • • • • • .• • • • • • • 
VII. Grade Six Understandings on Animals, as 
Presented in the Heath Elementary Science 
Series . . . . . . . . . . . . . . . . . . . 
VIII. Grade Four Understandings on Weather, as 
Presented in the Heath Elementary Science 
Series . . . . . . . . . . . . . . . . . 
18 
39 
44 
4-5 
viii 
TABLE PAGE 
IX. Grade Five Understandings on Weather, as 
Presented in the Heath Elementary Science 
Series . . . . . . . . . . . . . 
X. Grade Six Understandings on Weather, as 
Presented in the Heath Elementary Science 
• • 
Series . . . . . . . . . . . ~ . . . . . . . 
XI. Grade Four Understandings on Sky, as Presented 
47 
in the Heath Elementary Science Series • • • 48 
XII. Grade Five Understandings on Sky, as Presented 
in the Heath Elementary Science Series • • • 49 
XIII. Grade Six Understandings on Sky, as Presented 
in the Heath Elementary Science Series . . . 5o 
ix 
.•. 
· .. -. 
-··~. 
INTR®DU0TION 
Bost·o'n lJh~l:vers1:"ty 
School o:f Education 
. ' ~~::}"*.' 
·~:-:;;;:·. 
-o-~_::".f• 
~' 
·, .; .·~-
"yJ<" ..... 
··.:..~ ~:~:;~~~ :(~~' 
•· <.· 
'-' .. 
7'·· . 
....... 
'··J 
,· 
~o;· t\ ';.._~4~:·' 
CHAPTER I 
INTRODUCTION 
I. STATEMENT OF THE PROBLEM 
The purpose of this stady is to provide enriched science 
material for gifted children in grade four. The intent of this 
study is to show how a regular science program can include the 
gifted child so that he is benefiting and growing in knowledge 
and interest in the average classroom. 
II. JUSTIFICATION OF THE PROBLEM 
One of the greatest wastes of natural resources is that 
of natural ability. Gifted children in the average classroom 
are often overlooked or forgotten. Due to this neglect, many 
gifted children become lackadaisical or bored with the regular 
curriculum. An enriched curriculum should be provided to al-
low gifted children to make the most of their abilities. Sci-
ence is a subject that can be readily adapted to many grade 
levels on a particular program. The gifted child can easily 
expand his knowledge, attitudes and interests through guided 
activities in a regular science program. Research, experi-
ments, and reports are just a few methods used in an enriched 
program to provide suitable activities for the gifted children 
in a classroom. 
2 
III. SCOPE OF TEE PROBLEM 
Since the purpose o~ the study is to provide enriched 
science lessons for the gi~ted in grade ~our, the authors 
have attempted to choose the four areas ~ound to be most com-
mon in the popular science series. Most o~ the work, however, 
is based on the Heath Elementary Science Series. The areas 
chosen to be included in the study are: weather, plants, 
animals, and the sky. The subject matter involved is basic-
ally found rewritten in accelerated language and vocabulary, 
and tests are included. They are presented in an experimental 
;> 
~orm which may be used by an average classroom teacher. 
IV. LIMITATIONS OF THE STUDY 
1. The accepted I.Q. ~or the gi~ted learner is 126 
plus, and this has been adopted for practical reasons in this 
study. 
2. Today there is no absolutely positive proo~ or 
final identification of I.q. level, even with the re~ined 
testing devices that have come forward. 
3. Enriching subject matter and gearing vocabulary 
in scie.nce to the level o~ the gifted child in the four areas 
does not mean that that is the answer to the treatment of the 
gifted child in the average classroom. 
4. There is great variance ~n definitions of gifted-
ness. 
5. Analysis of the background material is not treated 
3 
mathematically, thus leaving a wide margin for error. 
6. Some of the children who are considered as gifted 
may not be interested in science. In this event it should not 
be presented. 
7. The background material and concepts used for 
analysis were chosen subjectively from only one science series. 
8. Materials gathered, as in the activities and work-
sheets, may or may not correspond to immediate classroom 
needs. 
9· Some of the materials presented are only repre-
sentative of the possible activities for the gifted child in 
each science area presented. 
10. The authors feel that a background in science 
should be a~celerated when the I.~. is at least 126. 
4 
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CHAPTER II 
REVIEW OF RESEARCH 
I. WHO .ARE THE GIFTED? 
Characteristics. Gifted children are usually thought 
of as those who have superior intellectual ability. Current 
research also considers as gifted 11 those (children] with spe-
cial talents in mechanics, science, the arts, and social re-
lationships, as well as those of high general intelligence."l 
Creativity and originality are also important factors in the 
achievements of gifted children and adults. 11 Studies of 
geniuses in music, art and mechanical inventions reveal that 
outstanding creative achievement is almost invariably accom-
panied by ahigh level of intellectual ability."2 
Most gifted children are superior in physique and 
social and emotional adjustment which continues into adult-
hood. They are generally characterized by superiority in 
certain intellectual achievements and processes:: 
1. Size of vocabulary and accurate use of words. 
2. Ability to make generalizations. 
3. Abstract thinking. 4. Insight into problems. 
5. Reasoning. 
6. Problem solving. 
lMarion Schiefele, The Gifted Child in the Regular 
Classroom (New York:. Bureau of Publications, Teaehers College, 
Columbia University, 1953), p. 2. 
2Ibid. 
6 
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7. Speed of learning; speed of completing educational 
8. 
9· 10. 
11. 
12. 
1). 
14. 
15. 
16. 
17. 
tasks. 
Persistence. 
Memory. 
Foresight. 
Rumor and wit. 
Range of interests and curiosity. 
Alertness and keenness of observation. 
Initiative. 
Creative ability. 
Critical judgment. 
Desire to be of service.l 
Identification. There are varied opinions as to which 
children are to be considered gifted. 
Cleveland has included children over 120 I.Q. in its 
major work groups. Some children, however, with I.Q.ts 
slightly below 120 fit satisfactorily into these groups, 
whereas some slightly above do not. In addition to the 
given intelligence quotient, there must be drive, origi-
nality, and-initiative for unusual success in academic 
achievement. Some cities include any child above 110 
I.~. in their classes for the gifted, ma~y auth .. orities 
raise the limit as high as 130 and even 140 I.~.2 
nrdentification is the means to the goal of getting 
each child into the educational program most suited to develop 
his capacities as a whole person.n3 There are many ways of 
identifying our gifted children; to name just a few~ 
1Norman E. Cutts and Nicholas Moseley, Teaching the 
Bright and Gifted (Englewood Cliffs, New Jersey: Prentice-
Hall, Inc., 1957}, PP• 18-26. 
2Arch 0. Heck, The Education of Exceptional Children 
(New York: McGraw-Hill Book Company:-rnc., 1940), p. 390. 
3Robert DeHaan and Robert C. Wilson, "Identification 
of the Gifted," Education f'Sr the Gifted, The Fifty-Seventh 
Yearbook of the National-Society for the Study of Education1 Part II (Chicago: University of Chicago Press, 1957), p. lo7. 
7 
~ standardized tests, judgments of teachers, scholastic achieve-
ment, school cumulative records, sociometric techniques which 
may point toward leadership, self evaluation, and the evalua-
tion of parents, even though it is the least objective source 
of all. 
Objective standardized tests are the most valuable means 
of identifying gifted children. A wide variety of these tests 
should be used in order to discover different talents and 
abilities. In addition, nthe more group tests that are used 
for identifying a given ability, the more accurate the identi-
fication will be."l 
Since any single examination will measure only a 
limited sample of an individual's mental behavior, ·how-
ever, a single test score alone-should not be used as a 
basis for determining a child's mental level when an 
important educational decision regarding the child is 
to be made. Furthermore, test scores obtained when 
children are very young--preschool and primary grade 
children--are less reliable and valid than those ob-
tained from older children.2 
General Intelligence Tests are actually measures of 
verbal ability and reasoning abilities. It would perhaps be 
more accurate to call them scholastic aptitude tests, because 
they measure only certain aspects of intelligence, rather than 
all the primary mental abilities. Since they are objective, 
however, they are valuable when used for screening or survey-
lRobert F. DeHaan and Robert J. Havighurst, Educating 
Gifted Children (Chicago: The University of Chicago Press, 
. 19 57 ) , p 0 43 • 
2Karl C. Garrison, The Psychology of Exceptional Chil-
dren (New York: The Ronald Press Company, 1950), p. 205. 
8 
e ing purposes. 
• 
Among the more popularly used primary tests are the 
Pintner-Cunningham Primary Test and the Kuhlmann-Anderson 
Intelligence Test (~ixth edition). Another valuable test, 
non-verbal, is the Goodenough Draw-A-Man Test. It is not 
used to measure artistic skill; it is, instead, a measure o~ 
the child's ability to ~orm accurate concepts and relation-
ships. 
In the intermediate and upper elementary grades the 
Pintner-Durost Elementary Test and the Kuhlmann-Anderson 
Intelligence Test are o~ten used. The Davis-Eells Games are 
also very use~ul and consist o~ series of pictures which 
measure verbal problems, best way problems, money problems, 
and.analogies. 
A new type o~ intelligence test is the di~~erential 
aptitude test which measures verbal comprehension, word ~lu­
ency, numerical ability, spatial imagery, associative memory, 
perceptual speed, and reasoning ability. The Science Re-
search Associates Primary Mental Abilities is one such test 
and is published on three levels: primary, elementary, and 
intermediate. 
"When administered by a trained person, individual 
tests are generally regarded as more valid for measuring in-
telligence than are group tests."1 The Sta~ord-Binet is the 
9 
~ most widely used individual intelligence test and must be ad-
ministered by a trained person. A more recent individual test 
is the Wechsler Intelligence Scale for Children. The scale 
consists of six verbal and six performance tests. An I.Q. is 
derived for each scale, and then a total I.Q. is obtained. 
Other tests which are valuable in the identification 
of gifted children are: achievement tests, aptitude tests 
which identify children who are gifted in special areas, a~d 
personalfty tests. The latter type of test is valuable in 
revealing personality factors which are not manifested in 
overt behavior. 
Children who score in the upper ten percent on the 
S.R.A .. Primary Mental Abilities Test, particularly on 
verbal meaning, reasoning and number, probably have 
the basic mental ability necessary to make a high 
level contribution in the field of science. The Dif-
ferential Aptitude Test is also useful in screening 
these abilities, particularly the subtest entitled 
'Verbal Reasoning, Numerical Abilities and Abstract 
Reasoning.' A good source of information about psycho-
logical tests is the Fourth Mental Measurements Year-
book. The Teachers' Guidance Handbook gives teachers 
observitional methods for finding children with special 
gifts. 
A teacher can select any of the foregoing sources for 
the testing of her class. Students should be tested early in 
the year so that she can have a clearer concept of how much 
work can and should be given the brighter children and how 
much can be expected from them. As was stated previously 
several tests should be used to determine which children 
1neHaan and Havighurst, .2£.• cit., p. 51. 
10 
require special education. 
II. EDUCATING THE GIFTED 
Present day educators seem convinced that a special 
program is needed for the mentally superior child. The needs 
of the gifted child may be met by organizing the. school pro-
gram in three general ways. These include "(1) special 
classes, (2) acceleration, and (3) enrichment within the 
regular classroom. They can be used in combination and at 
the same time.rtl 
1. Special classes vary from ~ntirely self contained 
classes to those meeting only a few hours a week. 
2. acceleration may take place anywhere from early 
school entrance to the end of formal education. 
3. Regular classroom enrichment may be provided by 
the teacher alone or with supervisory assistance.2 
Of these three, enrichment of the program within the 
regular classroom seems the most highly recommended by most 
educators. There can be an overl~pping of these three pro-
grams. '1The same gifted child may experience all three ad-
justments simultaneously or only one or two of them.n3 Con-
siderable merit is attached to each of these. 
Special 6lasses. Special classes for mentally superior 
1Tri-State School Study Council, "Essential Special Ed-
ucation Provisions for Exceptional Children,'' Improvement of' 
Education Series, No. 8 (Pittsburgh, Pennsylvania: University 
of Pittsburgh, 1957), p. 3, section D. 
2Ibid. 
~ 3Ibid. 
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' children may be organized in a school or school district where 
there are sufficient numbers of gifted children to warrant 
them. In organizing these special classes for the gifted, 
certain things should be remembered: (1) These special 
.classes are seldom needed in primary grades. Early admis-
sion of the gifted child to the primary grades is m0st help-
ful. (2) Intermediate and junior high school classes offer 
the best field for these special classes for the gifted. 
(3) At the senior high school level the gifted child may 
carry extra subjects for early graduation or he may attend 
special interest classes. He may have extra curricular ac-
tivities that provide enrichment. 
A class of these mentally superior children should be 
no larger than twenty-five in number. "The program should 
be one of enrichment rather than vertical extension. 11 1 Op-
portunities for much research should be given. Materials to 
be used in these special classes for the gifted should include 
reference books, dictionaries, encyclopedias, foreign language 
books, almanacs, and atlases, and all other materials for 
special work in fields of high interest. 
Acceleration. 
~cceleration offers opportunity for a gifted pupil 
to move at a pace appropriate to his ability and ma-
turity and to complete an educational program in less 
than an ordinary amount of.time. One form of accelera-
tion is grade skipping; another is steady progress 
through a particular series of grades in less than the 
1 . ~., . 5. 
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usual time; and a third is early entrance into school 
or college.l · 
The most advantageous form of acceleration for the 
gifted child is to allow the child to accelerate mne grade in 
six. Educators, however, must be absolutely sure the child 
has sufficient social and emotional maturity to make this 
adjustment. 11Administrative rules should not bar accelera-
tion but rather should encourage it, where circumstances 
warrant it. 11 2 nMere acceleration into the grade above often 
Enrichment. For the mentally superior child, enrich-
ment means a learning situation that will meet his needs and 
stretch his abilities. To provide for this the curriculum 
must be expanded and deepened to fit the talents and abilities 
of the gifted. Enrichment is believed to be the core of the 
program for educating the gifted child. Good enrichment in-
creases rather than decreases individual differences among 
the mentally superior. Gifted children become less like each 
other and less like the average student after an enrichment 
program. 
Simple classroom enrichment is the most widely appli-
lneHaan and Havighurst, ££· cit., p. 122. 
2Tri-State School Study Council, 2£· cit., p. 6. 
3DeHaan and Havighurst, ££· cit., p. 126 • 
13 
cable of' all three methods of' enrichment in school. "Class-
room enrichment is probably the least controversial of' all 
ways of' providing appropriate and suitable learning experi-
ence :for the gif'ted child.nl No one can f'eel an objection to 
this in principle. Special grouping and acceleration on the 
other hand, are much more controversial. Educators f'eel that 
gif'ted children will be adjusted better, both socially and 
emotionally, if' their education is carried on in the regular 
classroom. 
Other children in the classroom learn f'rom the mentally 
superior through the questions asked by the gif'ted child and 
by advanced projects introduced into the regular classroom 
by the gif'ted. 
To carry out enrichment of' the classroom program suc-
cessf'ully, it is very necessary that the teacher should have 
adequate materials, a class that is not too large, and must 
herself' be an excellent teacher. 
The deeper insights of' gif'ted children into any prob-
lem, contribute to the learning of' all children in any class-
room. rrstill another argument in f'avor of' classroom enrich-
ment is fhat it is a move in the direction of' individualizing 
instruction f'or all children, in itself' a worthwhile endeavor. 
Classroom enrichment calls f'or individualized attention.u2 
libid.' p. 101 .. 
2Ibid. ~ p. 102 .• 
The teacher must provide stimulation and encouragement by 
showing interest in the work of the gifted and by being en-
thusiastic over what they are doing. She must make sugges-
tions for improving the work. 
Enrichment on the surface may appear to be just good 
teaching~ but it is really much more than that. This is one 
way in which the teacher can make the gifted child and all 
the children in her classroom work up to bheir greatest 
capacity. 
The teacher's attitude toward education of the gifted 
child is crucial. There must be present in the teacher a 
desire to provide something over and above the average class-
room education. This is needed if all gifted children are to 
make the most of their innate talents and abilities. 
If this is to be accomplished, many other factors must 
be taken into consideration. These would include heredity, 
racial and national background, socio-economic status, occu-
pational and educational level of parents, nutritional status, 
and sex. 
III. HEREDITY AND ENVIRONMENT 
Heredity determines what an individual can do, whereas 
environment determines what he does do within the limits set 
by heredity. It is believed by psychologists that physique, 
intelligence, and aptitude are more affected by inheritance 
than are social behavior and personality traits. Heredity 
15 
does not determine any trait completely, but it influences 
some traits more than others. 
When an individual is conceived, thousands of human 
varieties are represented, each in itself a possible heredi-
tary pattern. Usually only one heredity organization sur-
vives. This is the first step in the emergence of the indi-
vidual as a personality with characteristics and abilities 
unique to him. 
Environmental conditions select a portion of the re-
sources present in the newborn child. If talent is revealed 
-
in the early stages of life, there is a strong likelihood 
that it will be reinforced by favorable recognition and given 
opportunities for exercise if the environment is favorable. 
Differences in available opportunities are factors which 
greatly affect the development of an individual's special 
abilities. There is considerable evidence of the tendency 
for musical ability, manual aptitudes, and other special 
abilities to run in families. 
Not only does the superior or gifted individual in-
herit a superior tntellect, but a superior body. Gifted 
children have been compared with the normal children, and the 
resul.ts prove that the gifted group was superior in height, 
weight, lung capacity, and exceed the norms in breadth of 
shoulders, hips, and in muscular strength. 
Racial and national background. The question of racial 
16 
or nationality differences in intellectual endowment has 
evoked varying responses~ 
It is certainly true that in the United States 
both American Negroes and the children of immigrants 
from South Europe and Spanish American countries not 
only earn lower scores, on the average, than do 
American whites of native parents, but the incidence 
of very high I.Q.•s among these groups is notably 
smaller than that of the generality, altho~gh occa-
sional sporadic cases are found among all. 
In Terman's study of the gifted he found a high inci-
dence of children of Jewish blood, a probable excess of 
Scotch ancestry, and a remarkable deficiency of Latin and 
Negro ancestry. 
The Jewish invariably rank high wherever they are 
found, and the incidence of the exceptionally able is also 
above the average. The Jewish are the only ethnic group 
large enough to warrant a comparison to determine what dif-. 
ference exists between gifted individuals of various racial 
descent. 
From Terman's study, the table below gives the 1940 
. . 
occupational classification of 79 fathers of Jewish and 687 
fathers of non-Jewish individuals. These figures are limited 
to fathers still living at the time of the survey and ac-
tively employed at that date. Jewish men have exceeded 
their fathers in occupational status, more so than non-
Jewish men. 
1Florence Goodenough, Exce~tional Children (New York: 
Appleton-Century-Crofts, Inc., 19 6), p. 71. 
17 
American children of Italian parentage have shown a 
low average of intelligence. nThe selections of Italians re-
ceived in this country has yielded very few gifted children. 111 
This low incidence of gifted children of Italian parentage is 
not a result of language difficulty, because children of 
Swedish and Jewish parentage have the same language hanci-
cap, and yet they show a much higher average in the testa 
administered to them. 
TABLE I 
OCCUPATIONAL STATUS OF JEWISH AND 
NON-JEWISH FATHERS~ 
Jewish Non-Jewish 
Gens us Group 
Num- Per Num- Per 
ber cent ber cent 
I 12 15.2 2~3 35.4 
II 44 55.7 204 29.7 
III 23 29.1 240 34.9 
*Lewis M. Terman and Melita H. Oden, The Gifted Child 
Grows Q£ (Genetic Studies of Genius, Vol. IV. Stanford: 
Stanforo University Press, 1947), p. 298. 
Class I refers to professional men and proprietors. 
Class II refers to clerical workers. 
Class III and below includes skilled tradesmen, semi-
skilled tradesmen, and unskilled laborers. 
lLeta S. Hollingsworth, Gifted Children (New York: 
Macmillan Company, 1926), p. 71 
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Actually, there has been a very small amount or in-
rormation gathered to show the relationship between race and 
girted. In Terman's study children with I.~.'s above 140 
were tested in Galirornia. The result or these tests was a 
marked excess or English, Scotch, and Jewish parentage. How-
ever, this does not include Catholics. Many Catholic children 
attend parochial schools. Only public schools participated 
in the survey. Many children attending parochial schools are 
girted also. 
Socio-economic status. Children in ramilies of lower 
socio-economic status often rail to develop their abilities 
because of a lack of opportunity and stimulation starting in 
their earlier years or life. These children are not en-
couraged to read, draw, develop worthwhile hobbies, and 
learn music. Many or these children are pressurized to go 
out and work, to earn money, and help their struggling 
family, oh reaching a high school level. rr this individual 
were rortunate enough to pursue a higher education, he would 
still have a difficult time. Financial aid from the family 
would be non-existant. The individual would find it neces-
sary, most likely, to supplement his scholarship. Working 
to attain extra money would perhaps interfere with his aca-
demic achievement and also his extracurricular activities. 
The majority of illustrious people have had rathers 
who were far above the average in socio-economic conditions. 
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A minority of children, whose fathers were laborers, become 
eminent to a high degree. More eminent people reside in 
cities than in the country. According to Terman, the great 
majority of children who test above 130 I.~. originate in 
families of superior socio-economic status. The fathers of 
gifted children are usually professional men, proprietors, 
or clerical workers. 
Occupational and educational level of ~arents. The 
majority of gifted children are products of professional men, 
proprietors, and elerical workers. There are relatively few 
children of laborers who have achieved eminence. 
The mean amount of education for both fathers and 
mothers is approximately twelve grades. Tt has been noted 
that the average parent of a gifted child has attained twice 
as many school grades .as the average adult in the population. 
A quarter of the gifted, investigated by Terman, have at 
least one parent who is a college graduate. 
If parents of children belong to a low occupational 
and educational level, the environment they would provide 
their offspring would undoubtedly be far inferior to that 
provided by eminent people. Often, people of low educational 
and occupational background are not concerned with the intel-
lectual development of their children. They do not, and have 
not, the facilities or knowledge to stimulate the capacities 
of their children. Crowded quarters and the struggling 
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family's need ror each child to contribute may interfere 
with reading, study, and hobbies. In such an environment, 
there is usually a lack of books, magazines, record collec-
tions, and pictures which play an important part in shaping 
a child's tastes and attitudes for intellectual activity • 
.Sex. Many investigators have proven the existence of 
a greater number of superior boys than superior girls. There 
have been many hypotheses set up to explain this. One author 
claims that there is a greater number or males in the general 
population; therefore, there is a greater number of gifted 
boys than girls. Girls have the same average intelligence 
as boys, but they are less variable and do not deviate as 
.far .from mediocrity in either direction-. There is a greater 
incidence of males than females at both extremes of the in-
telligence distribution. 
If it is true that a sex difference in intellectual 
variability exists, this would constitute an inescap-
able fact, making for a somewhat greater incidence of 
males at both the upper an1 lower extremes of the dis-
tribution of intelligence. 
Girls are considered emotionally unstable and for 
this reason do not achieve intellectual leadership. Girls 
are also considered relatively non-competitive and laek zeal 
for struggle which is involved in eminent achievement. 
The geniuses of history are mostly males. There are 
1Goodenough, ££· cit., p. 70. 
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few women who have achieved such eminence. However, child-
bearing and homemaking are two factors, in former times, that 
did not help the woman to achieve eminence. Social and eco-
nomic conditions offer great opportunity to the male and de-
mand more from him. 
During the preschool years, girls are slightly more 
advanced than boys. They talk and walk at an earlier age 
than boys. It has been noted that gifted boys excel gifted 
girls in arithmetic, science, spelling, and general informa-
tion. Girls do better work in English and languages. 
If the number of girls in the population were equiva-
lent to that of the boys, and if girls were given the very 
same educational, social, and occupational opportunities, it 
is certain that there would be an equal number of gifted 
girls and gifted boys. 
IV. SCIENCE FOR THE GIFTED 
Importance of science education. The chief problem 
in the science education of the gifted is the, suitable cur-
riculum adaptations and methods of instruction. 
In elementary schools there has been an increase of 
science materials of an instructional nature which provides 
enrichment for those who are capable of doing the work. 
"Some of these science materials are individual and self-
instructing so that gifted children are capable of proceeding 
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1 independently. 11 
We, as teachers, have an obligation both to society and 
to the gifted child in science, to identify the child and to 
encourage him to prepare for a science career. Remember, 
though, that a high I.~. is not enough in itself. If the 
gifted child is to make a valuable science contribution after 
he leaves school, he must possess many important traits in 
addition to intelligence in science. "He must display social 
intelligence, emotional adjustment, special talents and the 
drive to accomplish." 2 So do not assume that there is little 
you can do in the classroom for the child with unusually high 
intelligence in science. In many ways, he presents a greater 
challenge than the child with average intelligence. Your job 
is to help him translate his scientific intellectual abilities 
into behavior that will be personally rewarding and socially 
beneficial. 
It is dangerous to limit the gifted child to scientific 
information fOr the sequence of sci.ence eXperiences must 
"(1) be the result of continuous, cooperative study and plan-
ning, (2) provide for continuity in learning, and (3) be flex-
ible enough so the gifted child ceuld work at his own maturity 
level."3 
lHarry G. Baker, Introduction to Exceptional Children 
(New York: Macmillan Co., 1944), P• 10. 
2 5 Ibid., p. 1 • 
· 3willard Abraham, 
York: Harper and Bros. 
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The science program can be joyous not only for the 
gifted child but for the teacher, if the teacher has an under-
standing of the gifted child, a broad knowledge of factual 
science materials, and a willingness to let gifted children 
extend their observation, experimentation, and ability to find 
answers to their many questions. 
The teacher opens new worlds to eager young minds into 
worlds of adventure and science for the gifted child. Achieve-
ment might be used as a basis for choosing the gifted in sci-
ence, but the gifted child frequently does not work up to his 
capacity. 
Identifying the future scientist. "Tt is very important 
to identify the potentially gifted scie:atist, so that they will 
stimulate an interest in science and be encouraged to conduct 
science projects of their own. rrl Creative scientists are 
usually bright and able students capable of working well in 
many other subject areas. They have some background in sci-
ence and they have such traits as initiative, resourcefulness, 
and good work habits. 
The concept of enrichment comes from the fact that the 
usual educational plan is not satisfying, perhaps too little 
for inquiring minds with curiosity and lively interest in 
living and learning. It is, perhaps, out of the demands of 
lpaul Witty, The Gifted Child (Boston: D. C. Heath 
Co., 1951), p. 27. 
the gi~ted themselves ~or more and better education that 
awareness of their needs has developed. When there is readi-
ness to learn at a greater speed at a higher level, the teacher 
must search ~or new content and new activity. 
In one study fi~teen gifted boys and girls were invited 
to discuss their interests; all of them expressed the desire 
to study science. "Most of them wished for more time for un-
scheduled activity in order that they might engage in re-
search. nl 
Fortunately some gi~ted children in science do make 
progress despite the lack of stimulation. However, studies 
of successful and less successful young adults who were iden-
tified as gifted children in science reveal that the success-
ful young people were in childhood more frequently recognized 
and encouraged by appreciative parents or teachers. "It has 
become clear that early identification and systematic en-
couragement of gi~ted children in science are responsibilities 
which parents and teachers must assume if we are to conserve 
scientific talent and ability."2 
Responsibility o~ public schools. "It was suggested 
that a .book be designed to awa:ken interest and e~f'ort in 
science among teachers, supervisors and administrators in 
lrbid., p. 38. 
2Ibid. ,_ p. 46. 
conserving and using human talents and resources."1 The pub-
lic schools have a heavy responsibility and wonderful oppor-
tunity for developing scientific leaders. They should seek 
to lessen handicaps and obstacles which many gifted children 
meet. Also, they should strive to provide the opportunity 
and incentive gifted children and youth of science require in 
order to develop in accordance with their potentiality and 
promise in science. 
In the gifted child the purpose of science is to 
broaden in the pupil his growing interest and his attitude of 
intelligent inquiry concerning his own physical environment, 
and to help him better and more fully recognize and observe 
those principles of healthful living which make for personal 
happiness and civic competence. 
Attributes !2£. the scientifically gifted child. The 
gifted child should be able to do the following extremely 
well: 
1. To become familiar with his physical environment and 
. the physical and chemical processes which are con-
stantly taking place. 
2. To appreciate the contributions which discoveries 
and inventions in the f'ield of science have made 
toward the improvement of' life in the home and 
community. 
3. To overcome superstitions and needless fears and 
prejudices as a result or a better understanding 
or the natural laws and phenomena. 4. To become aware of some or the broad principles of 
healthful living as they apply to man, plants and 
animals. 
5. To develop interests which will guide him in the use 
. of leisure and provide enjoyment and healthful 
recreation. 
6. To acquire the habit of careful and accurate observa-
tion; a feeling of reverence for natural beau:!;y; a 
desire for truth; and a respect for all life.l 
Science is "a fund of knowledge and a method of 
thought."2 The elementary school years are the time for lay-
ing a. firm foundation and is a period of exploration. Through 
the methods used while guiding the childrents explorations, a 
method of thought will be gradually developed. The ele-
mentary school years are a time for opening the child 1 s eyes, 
arousing his curiosity about many things and orienting him 
to the whole great field of science. 
A. teacher who plans and learns with children and reai-
izes that he cannot possibly know the answers to all the ques-
tions chiidren ask is almost sure to be a successful science 
teacher. 
nThe most successf'ul science programs use the interests 
of' pupils and rely on the abilities of teachers and adminis-
trators to broaden and deepen these interests into channels 
that provide a rich, meaningful science program."3 
The bright youngster completes every project and does 
his work with promptness. While his achievements are not 
1Indianapolis Public Schools Course of' Study for Ele-
mentary School--Grades l-6. Published by the Board of School 
Commissioners, p. 2. 
2Ibid. 
3Tbid. 
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always measured with his ability~ the teacher is not particu-
larly concerned with him. She gears her program to the average 
members o:f the class and works even harder with the slow pu-
pils. 
Teacherst goals. When planning :for brighter children 
in science there should be broader goals rather than :farther 
reaching ones. We should try to see that the mentally alert 
children in the class have opportunities to work individually 
at their own pace~ but they must also learn to co-operate 
with others in the group. 
The bright child o:ften needs help in developing leader-
ship qualities;because it is easy :for him to do the project 
himsel~he is likely to do all the work and leave the other 
committee members feeling useless. On the other hand he must 
not have a chance to become a slave driver. 
Encourage bright children to share their interests 
with you. They often experience a type o:f loneliness un-
known to the average child. "Superior children in science 
are valuable members o:f society, but o:f even more importance, 
they deserve the same chance to become coordinated, happy 
members o:f society as other children.u1 
Some goals :for the teacher to have for fast learners 
are: 
lElizabeth Matthews, nFast Learners Need Special At-
tention Too,n The Instructor, LXII (September, 1952), 98. 
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1. Establish good rapport with them. 
2. Have a program that is enriched in science. 
3. Provide opportunities for personality growth, 
improved leadership, working with others, more 
sharing of problems and a sympathetic approach 
to the needs of others. 4. Bring some of his less well developed abilities 
_ up to his generally high standards.l 
The bright child needs a friend, counselor, and ad-
visor. The saying, "A friend in need is a friend indeed," 
applies especially to the thousands of bright children who 
will be in school this year. 
V. SUMMARY 
The education of children of high intelligence is a 
challenge to every member of society who recognizes the need 
to capitalize upon all available ability to improve this en-
tire nation. It is also to the children's advantage to de-
velop their potentials to the utmost* The authors, as 
teachers, recognize their responsibility in helping these 
children fulfill their obligations to society and to them-
selves. 
There are varied opinions as to the terms of gifted-
ness and at which I.Q. level a child can be considered 
gifted. For the purposes of this paper, the authors have 
decided to consider as gifted those children whose I.~.•s 
are 126 or above. 
The importance of early identification through the 
\ \ 
', 
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use of varied measures of intelligence has been and will in 
the future be kept in mind when it is being determined which 
children will benefit from the work of this thesis. 
Due to the great strides made in the field of measure-
ment in recent years and the stress laid on the use of tests, 
most teachers have only to look at children's records to dis-
cover their I.Q..rs, level of achievement, and aptitudes. 
This information may be supplemented by the teachers' own 
judgments 'and the children's academic records. 
There are three ways of providing for the education 
of gifted children. These are: special classes in which 
gifted children are separated from average children; acceler• 
ated classes which permit children to learn at their own rate, 
according to ability; and enrichment in the regular classroom, 
through which the child's abilities are deepened and expanded. 
Since there is no provision for special or accelerated 
classes in the communities in which they teach, the authors 
deem it necessary to provide for the needs of gifted children 
in the regular classroom·. This need not interfere with the 
regular routine .. 
Heredity and environment greatly effect the educational 
course of gifted children. They determine the level of intel-
ligence, sp~cial talents, background experiences, drive} and 
ambition, and educational opportunities. 
There is, at the present time, a great need for sci-
entists, not only in the field of space, but in other areas 
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or scientific endeavor. There are indications that even more 
scientists will be needed in future years. In order t0 bal-
ance the supply with the demand for scientists, the schools 
must train potential scientists. It is wise to start such 
training at an early age. It is the responsibility or schools 
to provide children endowed with scientific aptitudes with a 
well planned program which will suit their needs and abilities 
and thus prepare them for successful and useful adulthood. 
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CHAPTER III 
PROCEDURE OF THE STUDY 
I. MATERIALS CHOSEN 
The Heath Elementary Science Series was chosen because 
it is currently in use in the communities in which the authors 
teach, namely, Boston, Somerville, and Woburn. 
The problem at hand was to study the content material 
in the areas chosen and decide which material could be easily 
enriched for the gifted without greatly interfering with the 
regular classroom work. The books from grades four to six 
were scanned before a choice of four areas to be expanded for 
the gifted was made. 
II. AREAS CHOSEN 
The next step was to choose the areas in whfueh illus-
trations, experiments, and worksheets could be presented in 
enriched language and challenging form to arouse interest and 
motivate the gifted child. The four areas chosen were: 
plants, animals, weather, and the sky. They were selected 
because it seemed that they would be interesting and readily 
understood. 
III. SUMMARIES CONSTRUCTED 
An area map was ordered from D. c. Heath and Company. 
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The understandings for the fourth, fifth, and sixth grades 
were obtained from this map. Since the thesis is an acceler-
ated science book for the gifted fourth grade children, con-
cepts for grades four, five, and six were chosen. This 
coverage gave the authors a broader field in which to en-
rich material. 
TV. BOOK PIAN 
Presentation of material. The material is presented 
in book form, as though talking directly to the student, for 
two reasons: (1) The child can understand the material if 
it is necessary for him to work by himself with a minimum of 
teacher interpretation; (2) It lends to facility of handling 
for both child and teacher in a busy classroom, where less 
able students need more of the teacher's time for detailed 
interpretation. 
Drawings have been included in most areas and activi-
ties to make the verbal instruction more lucid and thought-
provoking. 
A glossary was added to convey a better understanding 
of the new terms introduced in the book. It was divided into 
four areas: plants, animals, weather, and the sky. It can 
be found at the end of each book area. 
Bibliographies. A carefully selected children's 
bibliography has been constructed for each book area. The 
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bibliographies will enable the gi~ted children to go ~urther, 
on their own initiative, into a subject i~ they wish. 
Most o~ the books listed are on a more advanced read-
ing level than grade level beeause o~ the high interest level 
of the child ~or whom it was constructed. 
The bibliographies were gathered from textbook re~er­
ences, library lists, and supplementary science materials. 
V. EVALUATION 
Evaluations of the concepts introduced in each book 
area are presented in the .form of tests. At the end of each 
area are tests by which the teacher can determine if the 
child or children, participating in the science activity, 
has obtained a proper understanding of the materials presented. 
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CHAPTER IV 
ANALYSIS OF DATA 
I. INTRODUCTION 
The listing of the elementary science understandings 
enables the reader to obtain a clear, concise view of both 
general science teachings and grade level teachings. The 
reader will also be able to see how the material presented 
-
for the gifted is an extension of grade te~chings. 
Categorizing science teachings into the form of tables 
serves more than one purpose~ 
1. It reveals what is taught in elementary science. 
2. It denotes possible grade level understandings 
and teachings. 
3. It is a clear backlog from which to enrich materials 
for gifted children. 
~. It is a scientific approach, with, of course, much 
to be desired, since it cannot be handled mathe-
matically. 
II. TABLES 
The tables presented are summaries since they mini-
mize and categorize material to serve a purpose. A table 
is presented for every grade level in each of the four book 
areas: plants, animals, weather, and the sky. 
Understandings for grades four through six were chosen 
to be presented in the tables because it was concluded that 
the gifted could understand the materials that would be based 
'<.. 
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TABLE II 
GRADE FOUR UNDERSTANDINGS ON PLANTS, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
New plants can grow from seeds, from stems and roots sent 
out by the mother plant, and from bulbs. 
People can make more plants by planting stems; roots, or 
bulbs which have been cut apart or separated. 
A seed contains a baby plant. If' it has soil, sunlight, 
water, and air, it will grow into a parent plant, which 
will make more seeds. 
The pistil is. the part of' the flower that contains the 
ovules, which are the little bead-like parts that are 
the beginning of seeds. 
To grow into plants, most ovules need pollen from the same 
kind of' plant • · 
Pollen is carried to the pistil by birds, insects, or the 
wind. 
Odors and colors of' flowers are important because they help 
attract some birds and insects, which carry pollen from 
flower to f'iower. 
A seed grows and ripens when the material in a pollen grain 
travels down through the pistil and enters an ovule. 
A seed contains some food, which the baby plant can use 
until it can make food f'or itself'. 
Seeds travel in many ways. They are carried by wind, water, 
animals, birds, insects, and people. 
People carry seeds of' plants to places where they have not 
grown before. 
Plants are made of' millions of' tiny cells. 
, 
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TABLE III 
GRADE FIVE UNDERSTANDINGS ON PLA.NTS, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
All plants come from other plants of the same kind and need 
food and oxygen to grow. 
Plants move as they grow. 
Plants may be divided into two main groups; those that make 
seeds and those that do not. 
The leaves, and other parts containi~g a green substance 
called chlorophyll, make the food for the plant. 
Tubes in the stem carry water and minerals from the roots 
to the leaves, and food from the leaves to the rest or 
the plant. 
Buds are packages of plant parts which can grow into stems, 
leaves, and flowers. 
Some plants do not make seeds, but reproduce by spores, or 
just grow and divide. 
In the sunlight the raw materials (water and carbondioxide) 
are changed to sugar by the green chlorophyll in the 
leaves. 
Green plants feed all the people and animals in the world. 
Green plants can change sugar to starch or oil. 
Water and dissolved minerals from the soil get into the 
roots through the thin cells in the root hairs. 
Plants that are not green cannot make their own food; they 
ase food made by other plants. 
Selection, grafting, and producing hybrids are scientific 
methods that improve the quality and quantity of plants. 
A seed is formed when a pollen grain unites with a plant egg. 
In a cell there is a special part called the nuGleus, which 
contains tiny particles called genes. Genes determine 
the characteristics of living things. 
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TABLE IV 
GRADE SIX UNDERSTANDINGS ON PLANTS, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
All ~ood is made with the energy of sunlight. 
Root hairs absorb water and dissolved minera.ls from the soil, 
and the thick-walled, waterproof large roots conduct 
liquid to the rest of the plant. 
When sunlight shines on the chlorophyll in leaves, carbon 
dioxide from the ai~ is chemically combined with water 
from the soil to ~orm sugar. 
Plants that change a large portion of sugar into starch, 
or into fats, are rich fuel foods. 
Plants make proteins from their own sugar, together with 
minerals and water. 
Without minerals, plants cannot make chlorophyll. 
In a kernel of grain there is a large amount of ~ood 
materials which supply the embryo, or baby plant, with 
food when it starts to grow. 
The green plant is the first link in every food chain. It 
alone is capable o~ making ~ood ~rom water, carbon dioxide, 
and the chlorophyll that captures the sunlight. 
Plants take in carbon dioxide and give of~ oxygen. People 
and animals use this oxygen and give off carbon dioxide, 
which the plants use again. 
Learning that seeds could be planted and crops gathered was 
one of man's most important discoveries. 
TABLE V 
GRADE FOUR UNDERSTANDINGS ON ANIMALS, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
A bird's wings beat downward and backward; this keeps the 
bird up and makes it go forward. 
Honeybees live on the rood they make from nectar and pollen, 
which they gather from flowers. 
In a bee colony every bee has a special job to do. The 
queen bee lays the eggs. The worker bees gather the 
nectar and pollen, feed the baby bees, build the wax 
cells, and guard the hive. The drones or male bees 
are the fathers or the hive. 
Ants live in colonies. Like the bees, each colony has a 
queen, workers, and male ants. 
Insects. that live in colonies are created to do one kind of 
work; they cannot choose any other. 
Animals that live in the far north are adapted to a cold 
climate, and animals that live in the torrid zone are 
adapted to a hot climate. 
A large part or every animal is water. 
Animals are made or millions or tiny cells. 
TABLE VI 
GRADE FIVE UNDERSTANDINGS ON ANIMALS, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
All animals are born from other animals of the same kind and 
need food and oxygen to grow. 
All animals may be classified by their structure into two 
groups; those with backbones and those without backbones. 
Animals with backbones are divided into five groups: mammals, 
birds, reptiles, amphibians, and fish. 
All mammals have hair on their bodies, are warm-blooded, 
breathe air, and feed their young with milk. 
People belong to the group of mammals. 
All birds have feathers, bills, two wings and two feet, are 
waPm-blooded, breathe air, do not have teeth, and hatch 
out of eggs. Most birds build nests. 
All reptiles have scaly skins, breathe air, and are cold-
bloodeel. 
All amphibians have skin without scales, gills or lungs, 
and are cold-blooded$ They get oxygen from the water 
when they are young, and from the air when they have 
grown up. 
All fish liave fins, scales and gills (with which they get 
oxygen from the air in water), and are cold-blooded. 
Most insects have six legs, three body parts, two feelers, 
two rows of breathing holes, and go through several 
stages of growth. 
Many groups of animals, besides the insects, do not have 
backbones. 
Farm animals have been improved by selection and by develop-
ing hybrid breeds. 
An ameba is a tiny single-celled water animal that surrounds 
its food and digests it. It divides into two amebas when 
full-grown. 
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TABLE VII 
GRADE SIX UNDERSTANDINGS ON ANIMALS, AS PRESENTED 
IN THE HEA.TH ELEMENTARY SCIENCE SERIES 
Understandings 
Baby animals get the food they need for energy and growth 
either from the milk provided by their mothers or from 
the stored-up food in an egg. 
Insects have lived on the earth for a long time. 
Amphibians were the first large animals to live on the land. 
They spent part of their time on the land, and part of 
their time in the water. 
Reptiles were the first large animals to live entirely on 
the land. 
At first, reptiles were rather small, but they rapidly in-
creased in numbers and in size, until the largest ones, 
the dinosaurs, were so numerous that they dominated the 
earth. 
The first birds appeared during the age of reptiles. Sci-
entists believe that these first birds developed from 
reptiles. 
Just before the age of mammals, all the dinosaurs suddenly 
became extinct. 
Mammals began to develop during the age of reptiles. They 
rapidly increased in numbers and importance until they 
dominated the earth. 
Scientists believe that the earth was very old when man 
first appeared. 
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TABLE VIII 
GRADE FOUR UNDERSTANDINGS ON WEATHER, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
The sun heats the land and water of the earth. 
A difference in the number of hours of sunlight is one reason 
for the difference between summer and winter weather. 
Water does not heat up as quickly as land. 
Air expands and becomes lighter when it is warmed, and it is 
pushed up by cooler, heavier air. 
Molecules of water go up into the sky in the form of vapor. 
Here they form clouds. As·the clouds cool, some of the 
molecules come down to earth as rain, mist, hail, sleet, 
or snow. 
Dew is made of little drops of water that collect on cool 
-things on the ground, :from the water vapor in the air. 
Sleet is frozen rain. 
Hail is sleet that has been blown upward again and again, 
adding a layer of ice each time, until it is too heavy 
for the wind to hold up. 
Snow is formed in very cold clouds,·when the molecules in the 
water vapor come together and freeze quickly. 
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TABLE IX 
GRADE FIVE UNDERSTANDINGS ON WE.A.THER, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
Clouds have names according to their type and appearance. 
Thunderhead, cirrus, stratus, nimbus, and cumulus are 
some or these types. 
The speed and direction or the wind often help in predicting 
weather conditions. The speed of the wind is measured 
by an anemometer; the direction is indicated by a wind 
vane. 
The pressure of the air varies at dirrerent times. This 
pressure is measured by a barometer. Weather stations 
usually use a mercury barometer. 
The amount or moisture in the air, or the humidity, is 
measured by a hygrometer. 
The amount or rain that falls in a given time is measured 
by a rain gauge. 
A radiosonde is a small box containing weather instruments 
and a tiny radio transmitter. It automatically sends 
inrormation of weather conditions high in the air to the 
weather station. 
In some weather stations the location of a storm, its probable 
size, and the direction in which it is traveling is deter-
mined by means or radar. 
46 
TABLE X 
GRADE SIX UNDERSTANDINGS ON WEATHER, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
Air masses are huge bodies of air that come from certain 
places and sweep over the land and sea. 
The Polar Continental air mass is a cold, dry air mass that 
forms bver the arctic regions and sweeps southward and 
eastward across North America. 
The Tropical Gulf air mass is a warm, moist air mass that 
forms over the Gulf ol! Mexico and sweeps northward and 
eastward over the United States. 
Summer showers occur when the warm, moist air near the ground 
gushes up into a layer of eold air, where the moisture 
condenses into rain drops. 
The Siberian-Pacific air mass forms over Siberia, crosses the 
Pacific Ocean, and sweeps eastward over the United States 
and Canada. 
When a cold-air mass advances against a warm-air mass, the 
place where the two air masses meet is called a cold 
.front. 
When a warm-air mass advances against a cold-air mass, the 
place where the two air masses meet is called a warm 
front. 
Air masses affect the climate in the region over which they 
pass. 
Scientists believe that lightning is a giant flash of elec-
tricity, caused by an electric charge that has been built 
up in a cloud. 
A tornado is a violent, destructive windstorm caused by un-
usual air conditions in which the air over a narrow path 
is spinning rapidly. 
A hurricane is something like a tornado, but covers a much 
broader area and usually moves in a path along a coastal 
area. 
Airplanes and radar are used in tracking hurricanes. 
47 
TABLE XI 
GRADE FOUR UNDERSTANDINGS ON SKY, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
The earth spins as it travels on its·path or orbit around the 
sun. One spin makes a day, while one trip around the sun 
makes a year. 
The tilt of: the earth's axis causes opposite seasons at the 
northern and southern halves of: the earth. 
The seeming movement of: the sun, moon, and the stars across 
the sky is actually caused by the steady, smooth turning 
of the earth. 
The pull of: the earth, called the earth's gravity, holds 
all things on the earth and keeps the moon circling 
around it. 
The moon is a huge ball of: rock without water or air; it 
reflects light from the sun. 
The moon's gravity pulls on the wate~ of the earth and causes 
the tides. · 
To circle the earth an artificial satellite must travel about 
18,000 miles per hour. 
The earth and the other planets circle around the sun, ·each 
one held in its orbit by the sun's gravity. 
Scientists have discovered many things about the planets 
such as their size, distances from the sun, and the 
materials they are made of. 
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TABLE XII 
GRADE FIVE UNDERSTANDINGS ON SKY, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
We know that the earth is round because (1) the tops of the 
masts of ships in the distance can be seen first, (2) dif-
rerent star constellations are seen in different parts of 
the world, and (3) the earth casts a circ~lar shadow on 
the moon. 
The earthts gravity pulls everything on the earth all the 
time. The greater the distance from the earth, the 
weaker the pull of gravity becomes. 
Artificial satellites are launched by rockets. 
Space travel raises special problems. 
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TABLE XIII 
GRADE SIX UNDERBTANDINGS ON SKY, AS PRESENTED 
IN THE HEATH ELEMENTARY SCIENCE SERIES 
Understandings 
It takes four years for the light from the nearest star to 
reach us. It takes many years, even hundreds of years, 
for the light of other stars to reach us. 
By using a spectroscope, scientists ean tell what the stars 
are made of. 
The relative positions of the sun, stars, moon, and planets 
change from day to day. These changes repeat the same 
pattern year after year. 
A solar eclipse occurs when the moon comes between the sun 
and the earth and blocks off the aunts light. 
' A lunar eclipse occurs when the earth comes between the sun 
and the moon and casts its shadow on the moon. 
The solar system consists of the sun and the nine planets 
which revolve around it, together with the moons which 
revolve around the planets. 
Astronomers use two types of telescopes. 
Most of the work of. astronomers is done by photographing 
through a telescope. 
With the aid of special instruments and mathematics, astrono-
mers have been able to determine the temperatures, sizes, 
and distances of the sun, moon, planets, and many of the 
stars. 
Aster0ids, meteors, and comets are smaller members of the 
solar system. 
The solar system is a part of a huge group of stars called 
a galaxy. 
Besides our galaxy, there are millions of other galaxies, 
each one made up of billions e:f stars. 
The light-year, which is the distance that light travels in 
one year, is the unit that astronomers use in measuring 
sky distances. 
The 25,000 miles per hour speed needed to escape earthts 
gravity is attained by using a three-stage rocket •. 
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PLANTS 
Many things you are wearing today and have eaten come 
from plants. Some clothing is made from plants. Breakfast 
cereal and fruit come from plants. Your chair is made of wood, 
which came from a plant. The paper you are reading was made 
from parts of plants. Letts explore the wonders of plant land. 
Many plants have flowers. The bright colored parts of 
the flowers are called petals. Petals have many sizes and 
shapes. Their color and number varies on the different plants. 
Before the flower bud op~ns, the petals are folded to-
gether inside. In many of the flowers the soft petals in the 
buds are protected and covered by sepals. Sepals look like 
green leaves. After the flower has opened, the sepals form 
a cup for the petals. 
When you smell a flower you sometimes get some yellow 
or brown dust on your nose. This isntt really dust, it is 
pollen. This pollen grows on the part of the flower called 
the stamen. You can see in the picture that the stamen is a 
slender stalk. At the top of each stamen is a box or sac 
that contains the pollen. 
Notice the center of this flower. You see a container 
shaped like a vase with a long neck. This is called the 
pistil. Down inside the pistil ape beadlike parts called 
ovules. These ovules are the very beginnings of seeds. In 
order for the ovules to grow, they must get some pollen. 
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The bee . carrtes 
pollen f.,om one 
flower fo co1CJt/1er-. 
Pollen is either in the same plant or in another plant or the 
same kind. However, pollen must be carried. 
I 
Stamen and pistils are the parts or the rlower that 
make seeds. The pistil[ are the remale part. The stamen 
are the male part. 
A tulip is a gooa specimen, in which you can clearly 
see the stamen and pist~l. A tulip flower has six stamens 
and one pistil. 
BEP.TNNING OF A SEED 
At the bottom of the pistil there are one or more 
little egg sacs. In each egg sac, there is a little plant 
egg. When the little pfant eggs in a flower are ready for 
pollen, the top of the Jistil gets very sticky. This helps 
the pistil to catch anyl pollen grains that are brought by 
insects or that float in the wind. When the pollen grain 
touches the sticky pistil, it will start to grow. It then 
grows in a long, thin t~ead down toward the eggs in the 
bottom of the pistil. !After it reaches the egg, the little 
plant eggs start to gr+. The bottom or base of' the pistil 
als.o starts to grow. Tfen it changes into a fruit containing 
seeds. Seeds or fruit ~re usually not formed ir the pollen 
doesntt reach the tiny ~lant eggs. 
How Pollen Is Carried. The wind carries pollen to the 
pistil in some plants; however, most plants depend upon insects 
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for this help. When pollen is carried from a stamen to a 
pistil, it is known as pollination. 
Birds and insects carry pollen from flower to flower. 
Bees, butterflies, and moths are the insects that usually 
carry pollen. VVhen the bird or insect reaches into a flower 
for nectar, it becomes dusted with pollen. Then, when the 
insect or bird goes to another flower, the pollen is brushed 
off into the pistil. This happens when it is difficult for 
the insect to get the nectar, because it is so far down in 
the base of the. flower. In order to reach the nectar, the 
insect brushes against the stamens and becomes covered with 
pollen. When this insect goes to the next flower, some of 
the pollen is brushed off on the pistil. 
Flowers have many different ways of attracting insects 
and birds for the purpose of pollination. Bright colors, 
smell, and nectar are the usual ways. Some flowers have guide 
lines on the petals which lead insects toward the nectar. 
They seem to help the insect find its way. Some flowers are 
formed so that they protect the insect if it rains. 
Some plants have small flowers without bright colors 
or nice smells. These flowers do not attract insects. Their 
pollen is scattered by the wind. 
Seeds. The seed starts to grow in the flower with 
the help of the pollen. A seed contains a baby plant. They 
have many shapes and sizes. Most seeds have some food for 
6o 

for the baby plant in them. Sometimes this food is part of 
the baby plant, or it may be some other part of the seed. 
This stored food gives the baby plant a start in life. The 
lima bean is a seed from which the lima bean plant will grow, 
The baby plant is in the two halves of the bean. Each half 
contains food which the young plant uses after you plant the 
seed. Later, the two halves are pushed out of the ground 
when the seed sprouts. 
If you soak some lima beans and split them open, you 
can see the baby plant with ita tiny root·s and the two seed 
halves. 
Experiment 
This experiment will show you how the seed halves are 
used by baby plants. 
To do this experiment you will need six lima beans, 
three small containers, sand to fill them, and a cardboard 
box big enough to cover containers. 
Put sand in containers. Wet the sand before the beans 
are placed in the containers. Plant two bean seeds in each 
container. They must be planted on edge with their rounded 
edge up. One-half inch of sand should cover this edge. 
Place the three containers under the cardboard box. 
You may lift up the box daily to inspect the growth of the 
bean plants. When doing this, you may add one tablespoonful 
of water to each container. Your plants will probably look 
I' 
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like this (illustration) in one week. 
Next, you make three labels--2 seed halves, 1 seed 
half, 0 seed halves. Attach a label to each container. 
Now you may remove the seed coats if they haven't 
fallen off. 
Nothing else is to be done to the container of bean 
seeds labeled "2 seed halves." 
Remove one seed half from each of the beans labeled 
n1 seed half." To do this you should hold the plant firmly 
between your first finger and thumb. Gently bend back one 
seed half. You must do this to both plants in the container. 
Both seed halves must be removed from plants in con-
tainer labeled no seed halves." 
Then put all containers back under the box. Add a 
little water daily as you look at them. 
The plants will all grow. Three weeks after the beans 
have been planted, you will notice how much they resemble the 
picture. 
You keep the beans in the dark s·o the only food they 
have comes from the beans themselves. Beans can make their 
own food in light. 
Experiment 
This experiment will show you how to grow grass seed. 
Some materials you will need are a sponge, a dish, grass seed, 
and water. 
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Put a sponge in a shallow dish of water. Next, sprinkle 
grass seed over the top of the sponge. You must keep the 
sponge damp. You will soon notice tiny plants growing. Each 
plant grew from inside a seed. 
Experiment 
This experiment will show you how to grow a plant 
from an alligator pear seed. 
Some materials you will need are a glass jar, an al-
ligator pear seed, a flower pot, soil, and water. 
First you must remove the brown outside coat of the 
alligator pear pit. Then put this seed in a jar partly filled 
with water. This must be kept in a dark place while the roots 
are growing. It may take the roots several weeks to grow. 
When the roots are well started, you may bring the jar 
out of the dark place. Next you must wait until the seed 
splits open. Then you will be able to see the stems and 
leaves of the new plant growing inside. At this time, the 
plant may be put into soil to continue its growth. This 
plant first uses the food stored around it. Later, it gets 
water from the soil through its roots arid food is made in 
its green leaves. 
PLANTS THAT MAKE SEEDS 
Plants are classified into two groups: those that 
make seeds, those that don't make seeds. 
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The plant is considered a seed maker if the plant sci-
entist finds cones, flowers, seed containers, or seeds on the 
plant. The seed making structure of the plant is the flower. 
One can tell to what family a flower belongs by inspecting 
its pistils, stamens, and flower head. Some flowers are 
single, whereas others are made of clusters of many small 
flowers held together. The pods and seeds of some flowers 
look very much like those of others. Many plants have large, 
colored flowers that are easy to see and smell. Other plants 
have such tiny flowers that they are difficult to see. Some 
plants, such as pine and spruce trees, make their seeds in 
cones instead of flowers. 
Plants that make seeds have either cones or flowers. 
PU-NTS THAT DO NOT MRKE SEEDS 
Not all plants make seeds. Plants that have neither 
cones nor flowers do not make seeds. 
Some plants make spores. If you would like to under-
stand what is meant by spores, examine the underside of a 
fern leaf. You will notice many brown dots on it. If you 
break these open, you will see a brown powder. These tiny 
bits that make up the brown powder are called spores. A new 
fern can grow from each spore. 
The fern is not the only plant that grows from spores. 
Mushrooms, mosses, seaweed, and puffballs make spores also. 
IN,f<Y C!tP 
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The spores are formed in the round cap of the mushroom. 
They fall from under the cap when they are ripe. In the puff-
ball the whole inside is ti.ghtly filled with spores. It 
breaks open and the spores are scattered by the wind when it 
-is ripe. 
Some plants grow in some very peculiar plases. .A, 
piece, of bread or orange peel is hardly the place you would 
expect a plant to grow. Did you ever see fuzzy mold on an 
orange peel? Those are plants. The tiny parts of the plants 
can be seen with a magnifying glass. 
Looking through a magnifying glass, you would see small 
dark dots. These dots are spore caps. The caps 1Dreak open 
and the spores are carried away by air, when they are ripe. 
If these spores fall into the right kind of soil, they will 
grow into mold plants. 
Not all plants make either seeds or spores. Some 
plants just grow and divide, as bacteria. 
LEAVES 
The chief foodmaking part of the plant is the lear. 
Food that feeds the whole plant is made by the leaves and 
other green parts of the plant. 
Most seed-making plants have leaves that can be divided 
into two groups. The first group is leaves with parallel 
veins,as·grasses and lilies. Grains and grasses are the 
largest and moat important of plant families with parallel 
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veins. The second group is leaves with a network of veins, 
as the rose and maple leaf. 
The veins of the leaf contain little tubes. These 
tubes have two important jobs. Some carry water and minerals 
to the green cells of the leaf; others carry food that has 
been made in the leaf down to the rest of the stem and to the 
root. 
There are other things to notice about leaves other 
than the vein structure. 
The shape of' the leaf is very important in determining 
from what plant it came. The edges of' the leaves also give 
clues to help decide the f'amily of the leaf'. Is it smooth-
edged or is it toothed? 
If you want to learn to know leaves, the best thing 
to do is collect them. Place them between sheets of' news-
paper and press them by weighing them down under a board. 
The newspaper should be changed daily. When they are fully 
pressed, they can be mounted and then labeled. When you have 
collected enough leaves, see if you can notice a family re-
semblance between some of them. 
Experiments 
The following two experiments prove to you that some 
leaves catch insects. 
A. Sundew EXperiment. Some materials necessary to do 
this experiment are a sundew plant, glass bowl or terrarium, 
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and hamburger or an insect. 
First, put about two inches of garden soil iR a terra-
rium or glass bowl. Then carefully place the sundew plant on 
it, with its own soil. Fill in the surrounding space with 
peat moss to hold plants in plaee. Keep a glass cover on the 
terrarium. This is important because the sundew wil:l dry out 
unless it is kept covered. 
The leaf on the sundew is covered with hundreds of 
little red hairs, like pins stuck in a green leaf pin cushion. 
At the top of each hair is a gland that makes drops of reddish 
liquid. Then these little drops shine in the sun like dew. 
An insect cannot get away when he lands on these sticky 
drops. The more he tries to free himself when caught on the 
plant, the more he gets caught in the sticky liquid. 
Some materials neeessary~or this experiment are a sun-
dew plant and an insect or raw hamburger (if an insect isntt 
available). Put a speck of raw hamburger into the sundew 
plant, as illustrated in the picture. The leaf will elese 
and stay closed for a week. When it opens again, you will 
notice that the raw hamburger has completely disappeare€1.. 
The plant digested it. 
B. Venus Flytrap Experiment. The Venu.s Flytrap is an 
insect catching plant. Tt is formd in North run.d South Oaro-
lina. 
Some materials needed for this experiment are a Venus 
Flytrap and a pencil. 
r-
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Place the pencil in the leaf of the Venus Flytrap. In 
the illustration of the Venus Flytrap you can see that the 
leaves end in two flaps that look like two jaws with teeth 
along each side. In the center 0f the plant, there are six 
bristles that stick up. These bristles aet as triggers that 
set off the action of the plant. You can touch the bristles 
with a pencil. The two flaps will immediately fly inward and 
close on the pencil. 
This also happens when an insect touches the bristles. 
Once it is trapped, it can never get out. After the plant 
• 
captures the iE.seet, it sometimes takes a few vreeks f0r the 
plant to fu{ly digest the insect. 
Experiment 
This experiment proves that leaves move. 
Some materials necessary for this experiment are 
clover plants, two flowerpots, and water for the plants. 
Dig up a clump of clover and then plant it in a flower-
pot to keep indoors. Be sure to take enough earth with the 
clump to cover the roots. Then add some seil. Next, water 
it well. The plant should be kept in a sunny area. 
Notice the night - day change first. Take two plants. 
Gover one plant in order to keep the light out of it. You 
could -ase a large eone or a flowerpot with the hole plugge€!. 
up to keep out the light. In half an hour look at the plant. 
You will notice the leaves starting to close if they had been 
75 
.:- F~~!~~:,; -~: 
·,t~:~.l# ,, 
CLovER 
Du RII'I G 
._.;__- __ .' ______ --- ~-- - ··-- - - -- --· ------ -··- ------ - ,·---- --
= 
in the sunshine before. 
Put the cover back on. Wait an hour, then again look 
at the plant that was covered. Now the leaves should be 
folded in their night position. Compare the uncovered plant 
with the one that was covered. You will notice that being 
in the dark has made the leaves fold tbgether just as they 
do at night. 
STEMS 
The chief food carrying part of the plant is the stem. 
Inside the stem there are tubes which carry water and minerals 
from the roots to the leaves, and food from the leaves to 
other parts of the plant. 
In the picture on the following page, there are two 
different kinds of' stems. The one on the left is the stem 
of a maple tree. This gets thicker each year by adding layers 
of' wood. They look like rings when the stem is cut across. 
They are called annual rings. Each year the tree makes a new 
layer. How could you tell the age of a cut tree? (Count the 
rings.) 
The·picture ·on the right is a corn plant stem. It does 
not grow in the same way that the maple does. The corn stem 
gets thicker in all its parts. Since this plant lives less 
than a year, you wouldntt expect to find annual rings around 
it. 
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IS IT GREEN? 
Green appears to be an important color :for plants. 
Why do you think it is so important? 
The color of the food making substance in plants is 
green. Plants that are green make their own food out of raw 
materials in the soil and air. Chlorophyll is the green sub-
stance from which food is made. 
A green leaf is somewhat like a small food factory. 
In a factory, raw materials are taken in and made into a 
finished product. Then, this finished product is carried to 
a storage place where it is kept until needed. 
This also happens in a green leaf. Raw materials enter 
from two different directions. Water from the soil is one raw 
material. Gas from the air, called carbon dioxide, is the 
other raw material. With the help o:f the sunlight, these two 
new raw materials are worked on by the green chlorophyll until 
sugar is :formed. Sugar is the finished product. 
The growing leaves use part of this sugar as :food. 
The sugar that is left dissolves in water, flows through 
tubes to every part o:f the plant. A portion of the sugar 
is changed into materials that the plant uses for building 
new parts. The rest is stored. Later, the stored sugar is 
used by the plant as food or building material. 
In all green plants sugar is the chief :food and chief 
substance ·rrom wh~ch the plant's building materials are made. 
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One of the most important things about green plants 
is that they make their own food. The green plants feed all. 
Animals eat green plants or they eat animals that have eaten 
green plants. 
Sugar and Starch in Green Plants. Not all green plants 
taste sweet. Where do you think the sugar is if the plant 
doesn't taste sweet? Sometimes you can 1 t taste sugar in a 
plant because it has already been changed into starch and 
other substances. There is a great amount of starch in a 
potato. 
E;periment 
You can do this experiment to prove that a potato has 
a great deal of starch in it. 
Some materials you will need are a potato, iodine, 
starch, and a glass of water. 
Mix a pinch of laundry starch in half a glass of water. 
Then add a drop of iodine. The mixture will turn blue or 
purple. This is known as a starch test. When you add iodine 
to any other substance, it will not give you this color. Try 
adding iodine to sugar @r salt, in water. Afterwards add 
some iodine to some potato grated and mixed in a little water. 
Did you find that the potato contains starch? This starch 
test could also be tried on rice, corn flakes, apples, and 
bread. 
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HOW DO RAW MATERIALS COME INTO LEAVES OF A PLANT?: 
Plants usually take in water through~their roots. The 
root hairs are special structures which take water from the 
soil to the roots. They are very thin cells that grow out 
of the roots near the tips. Not only water but dissolved 
minerals from the soil soak in through the thin walls of the 
root hairs. 
Root hairs ean be seen on the been seedling in the 
illustration on the following page. 
Experiment 
You can do this experiment to notice root hairs on a 
bean seedling. 
Some materials you will need are bean seeds, newspaper, 
water, plate, and glass dish. 
Put a few bean seeds in water to soak for an hour or 
so. Then, put them on a piece of moist newspaper on a plate. 
The bean will sprout in several days. A fine fuzz, 
growing sideways out of the main root~ is the r0ot hairs. 
The roots of the plant use some of the water and 
minerals. The rest keeps right on going all the way up the 
stem into the leaves. In the leaves water is combined with 
carbon dioxide to make sugar. 
Carbon dioxide gets into the leaf through tiny air 
pores. In an ordinary-sized leaf there are millions of pores. 
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With the help or the raw materials-~water, carbon dioxide, 
and minerals--a little seed can grow into a large tree. 
Green plants make rood that feed the world out of the same 
raw materials. 
E.xperiment 
This is an experiment you can do to see water in a 
root. 
Some materials you will need are water, carrot, glass, 
red ink, and a knife. 
Cut the leaf top off a fresh carrot, which is a large 
root. Next, stand the carrot in a glass of water colored 
with red ink. The carrot should remain in the glass over-
night. Slice a piece off the top of the carrot with a straight 
knife, and cut the carrot in two from top to bottom. Then 
you will be able to see where the red-colored water has trav-
eled inside the carrot. 
E.xperiment 
This is an experiment you can do in order to watch 
how seeds sprout roots. 
Some of the materials you will need are two pieces of 
glass about four inches long and three inches wide, blotting 
paper, grass or radish seeds, rubber bands, saucer, and water. 
Cut the blotting paper the size of the two pieces of 
glass. The blotting paper must be put on one piece of glass. 
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Then place a few small seeds on it. The second piece of glass 
must be put on top of the blotting paper and seeds. Fasten 
the frame together with rubber bands. Put the glass pieces 
upright in a saucer and keep in place by a string passed over 
the top of the glass beneath the saucer. 
A small amount of water must be poured into the saucer. 
This will eventually be drawn up into the blotting paper and 
will reach the seeds. Within a few days the seeds will start 
to sprout because of the action of the water together with 
air and warmth. They will send out roots below, and small 
stems and leaves above. 
The seeds will use the food material stored inside 
themselves rather than the minerals of the earth or the carbon 
dioxide o.f the air. But in order to keep them growing, you 
would have to plant. them in the earth. 
PLA.NTS THAT ARE NOT GREEN 
Not every plant is green. The Indian pipe is a plant 
that contains no green coloring. The reason for the absence 
of green color is because it has no chlorophyll. This type 
plant does not make its own food. Chlorophyll is the only 
substance in a plant that can form sugar out of carbon dioxide 
and water. Even if you give this pl~nt all the raw materials 
that a green plant uses, it would still starve to death. It 
grows only in rotting materiala. This plant takes in food 
that was made by other plants. The Indian pipe is considered 
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more like an animal than a plant because of the way it gets 
its food. 
The Indian pipe is not the only plant without chloro-
phyll. Mushrooms~ molds~ yeasts, and bacteria get their 
food from other living things. 
Most plants~ however, make their own food. Most of 
the food they make is good for man, too. 
SUNLIGHT, THE FOOD MAKER 
Sunlight is so good you almost feel like eating it. 
This you can1 t do; however, you can eat sunlight.only in the 
form of food. 
Food is made with the energy captured from the sun-
light. Energy in your food was put there by plants. Green 
plants use the energy of the sunlight in making food. 
Plants make their food out of water~ minerals from 
the soil, and gas from the air, with the help of sunlight. 
Plants are even better than magicians. They make 
sweet plums and sour cherries~ yellow corn and purple cab-
bage, tiny wheat grains and la~ge pumpkins, hard coconuts 
I 
and soft, juicy tomatoes. 
How do you suppose a plant can make these things? 
Soon you will learn and understand how the plant performs 
its tricks. 
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HOW DO PLANTS GET WATER AND MINERALS? 
Water and minerals are taken into the plant through 
the roots. 
When you pull up a plant, you will see some large roots. 
They are the conductors of water and minerals. The cells in 
these large roots have thick walls and are waterproof. These 
roots are too thick to absorb liquid from soil. Their job is 
to carry liquid up the stem. 
Look at the smaller roots on the plant in the picture 
on the previous page. They are not covered with waterproof 
cells. They can absorb some water. 
Root hairs can absorb most of the water. They are tiny, 
thin-walled growths. These root hairs .can be found near the 
tips or the 5.maller roots. On one inch of root you would find 
hundreds of these thin hairs. Through their thin walls they 
absorb water and dissolved mineral material. Then the water 
and dissolved minerals flow into the smaller roots and into 
the larger roots, until they reach the stem. 
If' you sprout seeds, you will be able to see root hairs, 
as explained in the previous experiment. 
HOW DO LEAVES MAKE FOOD? 
In order to make rood, plants need water, dissolved 
minerals rrom the soil, and carbon dioxide gas. This gas is 
present in the air you breathe. Air gets into plants through 
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the tiny openings found on the undersides of leaves. These 
openings are so small you would need a microscope to see them. 
Plant food is made in the lear, in the cells that con-
tain chlorophyll. Chlorophyll is small bits of green sub-
stance. Millions of bits of chlorophyll in plants are the 
reason why the plant is green. The chlorophyll is the food 
making machinery or a plant. 
An important chemical change takes place when light 
shines on chlorophyll. Sugar is formed because the chloro-
phyll causes carbon dioxide to combine with water. 
This important change can take place only in the light. 
In the light, plants can make sugar. They change carbon 
dioxide and water into sugar. 
Experiment 
This is an experiment to show you how water and mineral 
materials travel up the stalks of celery. 
Some materials you will need are celery, a glass, 
water, and red ink. 
Place a few drops of red ink in a half a glass of 
water. Then take a stalk of celery from which an inch has 
been cut off the bottom. Place it in the glass of colored 
water. In a few hours you will notice that the red liquid 
has traveled all the way up into the leaves. 
Water and dissolved minerals in the soil travel up 
the roots and stem into the leaves in the same manner as 
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shown in the celery experiment. 
EXperiment 
Do you suppose you could make sugar by combining carbon 
dioxide with water? You can try this little experiment to see 
i~ it is easy to make sugar. 
Some 0~ the materials you will need are a glass, water, 
and a straw. 
You have carbon dioxide in your breath. Take a straw 
and blow through it into a glass o~ water. Then taste the 
water. 
Even i~ you kept blowing through the straw ~or several 
days, you wouldn't even ~orm a single molecule o~ sugar. 
Green plants form sugar all day long everywhere in the world. 
Plants, in order to make sugar, need the chemical machinery 
o~ chlorophyll and the sunlight energy to run the machinery. 
The only food makers are green plants. They are the 
only living things that can make this important chemical 
change. Food used by every living thing comes ~irst ~rom 
sugar that was made by green plants in the sunlight. Food 
~or every living thing comes ~rom plants or animals that eat 
plants. 
SUGAR 
Sugar is made by plants. The plants produce other 
~oods out o~ this sugar. 
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We get our supply o~ sugar ~rom sugar cane plants and 
sugar maple trees, because they produce so much sugar. Many 
~ruits taste sweet because o~ the large amounts of sugar 
made by the plants. 
I~ you taste a plant, you can tell i~ it makes a 
great deal o~ sugar. 
You must eat sugar-rich ~oods daily. Can you tell 
why? (Energy) 
~ you eat too much sugar, you will be unable to eat 
other necessary ~oods that keep your diet balanced. You need 
fats, proteins, and several kinds of' minerals and vitamins. 
You can get all o~ these things ~rom plants. 
Sugar to Starch. A large part of the sugar is changed 
to starch in some plants. Starch is a fuel ~ood. 
Almost every ~ood made from plants contains starch. 
A ~ew o~ the plants that are rich in starch are potatoes, 
red beets, corn, and peas. 
Remember the iodine test for starch that you have al-
ready done; again it can be used as an experiment. 
Put a few drops of iodine on the food to be tested 
~or starch content. The ~ood will turn a blue or violet 
color i~ it contains starch. 
You can make a list o~ ~oods that you have found to 
contain starch. 
meat and eggs. 
Test some animal ~oods for starch such as 
Do they contain starch? 
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Sugar to Fat. Plants change some of their sugar to 
fat. There is so much fat or oil in some plants that it can 
be pressed out of them. Some oils made by plants from sugar 
are olive oil, peanut oil, corn oil, and cottonseed oil. 
There is a very easy test to see if a plant contains 
oil and fats. Rub the plant on a piece of brown paper. You 
know that the plant has plenty of oil and fat if it leaves 
an oily stain on the paper. 
Sugar, starch, and fat are called fuel foods~ This 
means that these plants give you energy to do things and 
also to keep you warm. This is why fats are especially use-
ful in cold climates. 
The plant can make other important food substances 
besides sugars, fats, and starches. 
PROTEIN FROM SUGAR AND MINERALS 
Protein is an important substance found in every living 
plant and animal cell. Do you know that every cell in your 
body contains protein?' Your skin, bones, blood, hair, and 
nerves all contain protein. Animals make their protein from 
plant protein. Some animals make their protein from animal 
protein that was made from plant protein. 
Protein comes from the plant, first because either 
the animal eats plants, or he eats animals that eat plants. 
Sugar and minerals are used by the plant in making 
protein. Plants make their own sugar with the carbon dioxide 
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they take from the air and water they take from the soil. 
Minerals that are needed in making protein are taken in 
through the roots from the soil and dissolved in water. 
There are many ways you can test foods to see if they 
contain protein; however, most of these tests require special 
chemicals. There is one, however, that is not too difficult. 
Experiment 
This experiment is a test to see if there is protein 
present in the food you are testing. 
Some materials you will need are matches, a dish, 
and food to test. 
Take a small portion of beans, peanuts, cornflakes, 
and cheese. Place each on a separate dish. Burn food on 
each dish. If the food has the odor of burning feathers, you 
can be sure it contains plenty of protein. Also test such 
foods as apples, sugar, and grapefruit. Did these give the 
same smell while burning~ 
This little experiment tells you that feathers contain 
a great deal of protein, too. Feathers, hair, wool, and 
scales, which are outer coverings of animals, contain pro-
tein materials. Protein is good to eat. Do you think you 
would like eating wool or feathers? Most people wouldn't. 
Did you ever see a moth hole in a scarf? This shows that 
moths like to eat wool. 
Many things contain protein besides wool and feathers. 
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Meat, eggs, cheese, beans, walnuts, and fish are very rich 
in protein. They are foods you should eat daily to help you 
grow properly and build strong bodies. 
PLANTS MAKE VITAMINS 
Besides the sugar, starch, fats, and proteins that a 
plant makes, it also makes vitamins. Do you know what a 
vitamin is? It is something that is needed for good health. 
Each vitamin is necessary, even though you may only need a 
small amount. They halp keep your body in good running order 
and in general good health. 
Vitamins are named by letters--A, B, C, and so on. 
We do not know everything about them, but scientists are 
still studying and experimenting to learn more about them. 
Vitamin A. This vitamin is necessary for good gnewth, 
healthy skin, and good eyesight. It helps keep the lining of 
your throat, mouth, and other parts of your body in good con-
dition. It also helps you resist colds. 
Some sources of vitamin A can be seen on the illustra-
tion on page 94. 
Vitamin B. There are many vitamins listed under 
vitamin B. To distinguish them, we call them B1, B2 , and so 
on. This vitamin helps to keep you feeling lively and well. 
It also helps you to digest food, keep skin and blood in 
good health, and keep your nerves in the best working order. 
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Some sources of vitamin B can be seen on the illustra-
tion on page 96 .. 
Vitamin C. Vitamin C is very important in helping to 
keep your bones, teeth, gums, and blood vessels in good con-
dition. It is necessary ~or your general good health. 
Orange juice contains vitamin C. 
In the picture on page 96 you can see some sources of 
vitamin C. 
Vitamin D. Vitamin D is important in building good 
teeth and bones. Your body builds this vitamin when you get 
plenty of sunshine. That is why it is sometimes called 11 the 
sunshine vitamin." It is a good idea to eat extra vitamin D 
foods in winter because you usually cannot get enough sun-
shine to build this vitamin yourself. 
The picture on page 96 shows many sources of vitamin D. 
MINERALS 
Your body needs minerals as well as proteins. A few 
of the minerals your body needs are calcium, iron, nitrogen, 
phosphorous, and potassium. Phosphorous and calcium are im-
portant ~or bone growth, and iron is necessary for making 
the red blood cells, which carry oxygen from your lungs to 
all parts of your body. 
You can get minerals by eating either plants or animals 
that eat plants. Plants absorb minerals from the soil through 
98 
their root hairs, and change them into delicious food. 
Experiment 
This is a simple experiment to test food for mineral 
content. 
Some materials needed are a porcelain dish, a bunsen 
burner, matches, a stand, and food. 
Place food in a metal or porcelain dish. Heat food 
until it has burned away and only ashes remain. 
The mineral material in the food is the ashes that re-
main after burning. This is a test to see if minerals are 
present in food, not to tell you the kind of minerals present. 
WHY DOES THE PLANT MAKE DIFFERENT SUBSTANCES? 
Do you know why a plant has to make such a variety of 
substances? Substances made by plants are necessary to plants 3 
as well as animals, but not in the same way. Plants need 
energy as well as animals, even though they don't run and 
jump. The reas0n plants need energy is for staying alive 
and growing. In order for a plant to stay alive, it must 
burn fuel. The starch and sugar that a plant makes is its 
chief burning fuel. 
A plant needs protein for building cells, like all 
living things. The waxy coat on some plants, contains fat. 
Not all plants have a waxy coating on the leaves. 
The plant needs minerals to make chlorophyll, which is 
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necessary ~or making sugar. 
Experiment 
This experiment will show you how necessary minerals 
are ror plant growth. 
Some materials you will need are soil, barley seeds, 
and fertilizer. 
In the illustration on the previous page, the barley 
seeds were planted at the same time and minerals were added 
to the poor soil. 
Farmers add fertilizer to soil to restore substances 
that have been taken out by other crops. The minerals are 
neces.sary for healthy plant growth. If a crop lacks even a 
small amount of certain minerals, it usually becomes a poor 
crop. Scientists claim that plants, ~s well as other living 
things, must have mineral substances in order to grow well, 
resist disease, and to remain in good health. 
GRAINS--A BASIC FOOD 
Many green plants are grains or made from grains. 
Cereals, breads, cakes, crackers, macar.oni, spaghetti, 
noodles, pancakes, and doughnuts are made from grains. Meat, 
milk, eggs, and other animal products come ~rom animals that 
eat a large amount of grains. 
Grains are the most important food crop. One of the 
most popular grain crops, especially among the people of 
]3oston Unive:r>si-ty. ~l':t 
School of Education 
···· Library 
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Europe and the United States, is wheat. 
Corn is considered the most important grain rood in 
North and South America. It is the chief food in Mexico. In 
many countries, most of the corn crop is used to feed animals. 
' One of the best ways of using the sun's energy, to 
turn raw materials into food, is raising corn. 
Rice, which is a grain food, is the chief food of the 
people of India, China, and other £ar-eastern countries. 
The chief reason grains are so important is that they 
have such high fuel value. They have been raised in all 
parts of the world since early times. They are burned by the 
body for heat and energy. 
There are other reasons why grains are so important. 
They contain large amounts of minerals, vitamins, and protein. 
They can be stored for a long time without spoiling, because 
they have a hard coat. 
Grains have always been the world 1 s most important food 
crop because they are loa.ded with food value. Their firmness 
and hardness are also two qualities that make them important 
to farmers. 
HOW GRAIN IS USEFUL TO THE PLA.NT 
Grains are not only useful to us, but to plants also. 
Inside the grain there is a baby plant called the 
embryo and a large supply of food materials. The embryo 
takes it.s f'ood from these stored food materials. It uses 
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the ~ood in the grain to make its roots, which push down, to 
make its stems and leaves, which push up through the soil. 
Experiment 
This experiment proves that roots grow down. The em-
bryo o~ the grain uses the stored food material to make its 
roots which always push downward. 
Some materials you will need are two pieces of glass, 
blotting paper, seeds, dish, string, and water. 
Put a piece o~ blotting paper between two pieces of 
glass, as you have done previously in another experiment. 
Place one seed on the blotting paper. Let the roots start to 
grow, turn the glass pieces one-quarter of the way around. 
Then the roots will be horizontal instead of upside down. 
In a day or so, the roots will turn downward toward the water. 
Then, again give the glass pieces a quarter turn. Roots will 
turn once more and grow down downward. 
The roots will always stretch out toward water, no 
matter how you turn the glass pieces. 
THE CONTENT OF GRAIN 
Grain contains many useful, high-fuel value foods. 
Vitamins, minerals, protein, fat, and starch are present in 
grain. 
The embryo uses these foods the same as you use them. 
They keep the cells of the embryo alive and help make new eel~. 
II 
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No single ~ood is a complete meal in itsel~; however, 
grains provide you with almost every type ~ood you need. 
Seeds are good sources of ~ood such as nuts, beans, 
and peas. Grains are seeds, also. In each seed there is an 
embryo until it develops into a plant and is able to make 
its own ~ood in sunlight. 
Tons of plant seeds, stems, roots, leaves, and even 
some ~lowers are consumed by each person in a lifetime. The 
supply will not run out because of the process that builds 
food out of raw materials. 
WAYS OF GETTING MORE PUNTS 
There are ways o~ getting more plants, other than 
planting seeds in soil. One example o~ this can be seen at 
the side of a grassy road. Find a place where the soil was 
dug away some time ago. Have some plants begun to grow, or 
is the place bare? Most likely you can see new plants growing 
in the bare soil. The grass around the edge is moving in 
also. How did the new plants get there? A. grass plant sends 
out a stem. The little stem may be on the surface o~ the 
ground or i~ may be hidden underground. Another little grass 
plant will begin to grow ~rom the end of the stem. 
Afterward, this new plant sends out a stem that grows 
into a new plant. Then gradually grass creeps into bare soil 
and covers it with a carpet of green. 
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Experiment 
This experiment proves that plants grow from stems. 
Some materials you will need are clumps of grass with 
s0il and roots attached, water, and a dish. 
Dig up a clump or grass. Remove some of the soil by 
staking. Rinse the roots to clear off the rest of the soil. 
Did you find separate little plants? Did you find some of 
t~em joined? You will probably rind some joined plants. They 
I 
show one way that grass spreads into bare soil. 
Plants grow rrom roots, as well as from stems and 
s/eeds. The sweet potato is a root of a sweet potato plant. 
Did you know that a sweet potato is a root? If the sprouts 
from the root of a sweet potato plant are planted, each 
grows into a plant which makes many more roots. These plants 
get their start from rood that was stored up by a single plant 
the year before. 
Experiment 
This experiment proves that a plant grows from roots. 
Some or the materials you will need are a sweet potato, 
a glass jar, and some water. 
Place the sweet potato in a ~lass jar. Only part of 
the sweet potato should be in the water in the jar. The 
pointed end of the sweet potato should be covered with water. 
Keep the potato in a warm, dark place. Smaller roots will 
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grow from this end in about ten days. After the roots rorm
1 
the vines will begin to grow. The next step is to set the 
sweet potato in sunlight. Green leaves will soon grow on 
vines. Beets and carrots are both roots. It is run to grow 
new tops ror these roots. The following experiment shows how. 
Experiment 
This experLment proves that plants grow from roots. 
Some materials you will need are a carrot~ a knife, a 
dish, some pebbles, and water. 
Cut two inch pieces off the top ends of the roots. 
Stand the pieces in a shallow bowl with pebbles and water in 
it. The pebbles hold the pieces in place. In a short time 
you will see leaves growing out or the tops or the roots. 
Plants also grow from bulbs. A bulb looks like an 
onion. Cut an onion. Inside the onion you will find a group 
or short, thick leaves v·ery close together.· If you put a 
whole onion in water, new roots will grow down and the leaves 
will grow up. 
Flower bulbs can be bought, and you will find it an 
interesting way to grow flowers, rather than from seeds. 
Experiment 
This experiment proves that plants grow from bulbs. 
Some materials you will need are a bulb, a dish, some 
pebbles, and water. 
109 
-110 
PoTt1T.O . 
f: xPER. t m E.TY T . 
WJ.JIT£ PoTATO£ 
.. 
·' . 
Place the bulb in a shallow dish. Put pebbles around 
the bulb to make it secure. Put just enough water in the 
dish to cover part or the bulb.. Put the dish in a warm, dark 
place :for a :few weeks, so that the roots can begin to grow. 
Then bring the dish with the bulb out into the bright sun-
light. Now the stem, green leaves, and :flowers will appear. 
Some plants can be cut into pieces to make more plants. 
The pieces are planted in sand to get their roots started. 
~ther pieces of plants are put into water or good soil to 
start their roots. 
Experiment 
This experiment proves that a plant can grow from a 
piece or plant. 
Some materials you will need are a potato, a knife, a 
glass dish, some sand, and water. 
Cut a potato in several pieces. Each piece, however, 
must have an 11 eye 11 in it. Put it into a dish o:f moistened 
sand. Under the proper growing conditions, you will notice 
the plant will begin to grow, as if you had planted a seed. 
IMPROVING PLANTS 
Many improvements have been made by plant breeders 
and :farmers working in a scientific way. The quality or the 
plants was improved. ~t one time, there was hardly more than 
three mouthluls in an ear of corn. Today some varieties or 
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corn are almost a meal in themselves. 
Selection. Selection is one method of plant improve-
ment. Better plants are selected and from these,new plants 
are grown. There is a slight difference in each plant grown. 
Some of the pumpkins growing in a field may be slightly big-
ger, tastier, or better in some way than the others. Then 
the seeds from the better plants are selected and grown. 
After these seeds have grown, more of the pumpkins are of 
better quality than when selection began. As selection is 
used, better and better pumpkins result. 
Potatoes have been improved by selection also. Seeds 
are taken from the plant that produced the best potatoes. 
These seeds, when planted, produce a better crop of potatoes. 
Potatoes that you eat today are much larger and better tasting 
than the scrubby potatoes of long ago. 
Potatoes are often grown from parts of the potato that 
contain the tteye,n as previously explained in an experiment. 
Grafting and Budding. Another method of plant improve-
ment is grafting. The making of two plants into one is known 
as grafting. It is a very simple process. 
Crab-apple trees produce apples that are small and 
sour; however, the roots of the tree are strong. The Baldwin-
apple tree produces fruits that are large and sweet; however, 
the roots of the tree are not as hardy as those of the crab-
apple. If a Baldwin twig were grafted on a young crab-apple 
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tree, the tree would grow with strong crab-apple roots and 
large, sweet Baldwin apples. 
Budding is a way of improving plants. Join two plants 
to get the best of both. Cut a T-shaped slit into the bark 
of one plant. Place the leaf bud that is cut from another 
plant in the T-shaped cut. When the bud grows up it will be-
come a beautiful branch. 
This helps the farmer to have a new and better type 
fruit growing on a tree. The farmer can even have several 
different kinds of one fruit growing on the same tree. 
Hybrids. The good qualities of two different plants 
can be combined to make a new plant. For example, one type 
plum tree may produce good fruit that spoils quickly, while 
another type produces a poorer fruit that stays firm a long 
time. In this case, the farmer wou.ld want to breed a new 
type tree that has the good qualities of both varieties. 
Producing hybrids is one of the most important and 
chief methods by which plant breeders improve plants. 
This is how two different plants can be combines. A 
seed is formed from two flower parts. One part is the plant 
egg. Pollen grain is the other part. When plants belong to 
the same family, the pollen grain from one plant can form a 
seed, when it comes in contact with the plant egg of the other 
plant. 
To improve two related plum trees, you would take pollen 
from the flower of one tree to the flower of another tree. 
Eventually, seeds would form. These seeds would be unlike 
those formed by flowers in the two original plum trees. 
After planting the new seeds, they will grow into 
plants whose fruits are different from those of either parent 
plant. These new plants would be called hybrids. 
After a desirable hybrid tree has been developed, 
great numbers of this hybrid can be obtained by the process 
of budding or grafting. 
When the hybrid has been deyeloped in a grain, a vege-
table, or a flowering plant, other methods are used to in-
crease the n~bers of the new hybrid. 
Most fruits and vegetables you eat are hybrids. 
Hybrids are produced by breeders for many different qualities. 
Some of the qualities that have been bred into the hybrids 
you eat daily are size, sweetness, flavor, color, and re-
sistance to disease. 
Do you know how a hybrid gets its qualities from two 
parent plants~ The pollen grain that fertilizes the plant 
egg bas parts which determine the plant's shape, color, size, 
and hundreds of other qualitiese The plant egg also has 
parts which carry the plant's qualities. Still it seems 
strange that a little, tiny pollen grain, almost too small 
to be seen without a microscope, and a plant egg, can deter-
mine the qualities of the plant they produce. 
Scientists for years have experimented to see if they 
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could determine just how the pollen grain and plant egg can 
determine qualities. They used very powerful microscopes. 
Under a high powered microscope the pollen grain was magnified 
to twice the size of a basketball or even larger. 
These are some of the things the scientists found out. 
All living things are made of cells. Pollen grains and 
plant eggs are made of individual cells, too. In every cell 
there is a liquid called protoplasm. The nucleus is a special 
part in the protoplasm. It contains chromosomes that l~ok 
like tiny crooked threads. Looking through a powerful micro-
scope, you would learn that these threads are made of separate 
little bits. These bits may be particles that determine the 
characteristics or qualities of living things. 
These particles are called genes. Some genes determine 
the color of the petals of the plant; others determine the 
shape, size, and color of the leaves. There are genes to de-
termine the thousands of different things that make one plant 
different from another, or from a mouse. 
Pear seeds can grow into pear trees because each pear 
seed contains thousands of pear genes. Grapefruit seeds can 
grow into grapefruit trees because each grapefruit seed con-
tains thousands of grapefruit genes. 
Living things are like their parents because their 
genes came from their parents; however, they are not exactly 
alike. 
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HOW PLANTS WORK FOR US 
Plants work ror man in many ways. They help especially 
to control water rlow. 
Would you like to play a game or detective? Arter the 
next rain storm find a heap or soil or sand washed down by 
the rain. Follow its trail back to see where it came from. 
Did it come rrom a bare spot or rrom a place where plants 
were thickly grown. It will probably have come rrom a bare 
spot. When a place is covered by growing plants, usually 
very little soil is washed away. Thererore, plants protect 
the soil they grow tn. 
Experiment 
This experiment proves that leaves protect the soil. 
Some materials you will need are two boards about one 
root square, soil, sprinkling can, a dozen twigs with leaves, 
water, and a basin. 
Cover each or the boards with a layer of soil about an 
inch thick. Stick the twigs on one board and leave the other 
board bare with just the soil covering. Prop each board on 
a slant in the basin. Then rrom two reet above each board 
sprinkle .with water. Make sure you sprinkle the same amount 
of water on each board and rrom the.same height. Water will 
soon flow down rrom the soil into the basin. Is there a dir-
rerence in the amount or soil washed down into the basin? 
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Now you can see how the leaves break the fall and 
splash or raindrops on the soil. 
Can you tell how leaves protect the soil? Can you tell 
what happens to bare soil? 
rr you put a piece or white paper elose to the boards, 
you will see muddy spots splash into the paper. Can you tell 
what mud is? 
Experiment 
This experiment will prove that leaves protect the 
soil. 
Some materials you will need are two boards one foot 
square, soil, water, basin, and leaves. 
This experiment is very similar to the one you just 
did with the twigs. Prepare the boards with soil as you did 
previously. Instead of using twigs, spread dead leaves over 
the soil on one of the boards. Pour equal amounts of water 
from the same height as you did in the previous experiment. 
You will note that water on the bare soil washes quickly 
into the basin taking soil with it; whereas, the water coming 
from soil covered with dea4 leaves is almost clear. 
The dead leaves are like sponges in that they hold 
back the water so that it trickles slowly into the basin. 
Only a very small amount of soil is carried off with the 
water into the basin. 
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HOW DO ROOTS PROTECT THE SOIL? 
Do you know what sod is? Sod is soil with grass in 
it. 
Experiment 
This experiment will ppove that a tangle of roots 
helps protect soil from being washed away. 
Some materials you will need are grass seed, soil, 
cardboards, two boards, and water. 
First sprinkle some grass seed on moist soil. ·Then 
press it down with a piece of cardboard or roll it with a tin 
can. 
The seeds will sprout in a few days. Then blades of 
grass will begin to grow. Now you must have some sod to com-
plete the experiment. 
Cut the blades of grass so only the roots are lert. 
If you didn't cut them then you wouldn't be sure if roots 
protect the soil. Next, sprinkle water on both boards. 
Wh~eh of the two boards holds more soil? 
If you are unable to grow sod or get it there is an-
other thing you can do. Take a piece of an old towel and 
spread a thin layer of soil over it. The towel threads will 
act as the plant roots for the experiment. 
Plants and soil work together. Minerals and water 
are taken from the soil by the plants. The plants could not 
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grow without soil; however~ the plants protect the soil. 
Plants keep the soil in place during heavy rains or strong 
windstorms. 
Plants have been protectors of soil for millions of 
years. When farmers pull up a crop, the protection is taken 
away because the soil is bare. ~fter trees have been cut 
down in forests and forest fires kill plants, the soil is 
left unprotected. Sometimes this soil is washed away in deep 
gullies. Then the fields are broken and made useless. 
Fields and forests must be protected if all the people 
in the world are going to have things they need. There are 
many ways of conserving soil and its plant life. Scientists 
are still busily working to find ~ut about better plants~ 
about the ways of saving forests, and the ways of getting rid 
of insect pests. 
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Name 
School 
TESTS 
Plants and Seeds 
Fill in the Correct Answer: 
Grade 
Date 
1. The bright colored parts o:f the :flowers are called 
2. The yellow or brown dust :from a :flower is called 
3. The pistil is part of' the :flower shaped like 
4· The very beginnings o:f seeds are called 
5. The parts of' the :flower that make the seed are 
the and the 
6. The green leaves that protect the petals bef'ore the bud 
opens are called 
-------
7. Most plants depend upon----------
to them. 
8. , , and 
insects that usually carry pollen. 
9· All seeds contain 
to carry the pollen 
are the 
10. Flowers that do not attract insects usually have their 
pollen scattered by • 
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Plants 
True or False 
If the statement is true, mark T on the line before 
the number. If the statement is false, mark F on the line 
before the number. 
---
1. Plants that are green make their own food out of 
raw materials in the soil and air. 
2. Starch is the chief food from which the plantrs 
building materials are made in all green plants. 
3. Green plants supply animals and man with food. 
4. The stem is a special structure which takes water 
from the soil to the roots. 
5. The Indian pipe is a plant that has no chlorophyll. 
6. Food is made with energy captured from sunlight. 
7. Chlorophyll is the only substance in a plant that 
can form sugar out of carbon dioxide and water. 
8. Water and minerals are taken into the plant through 
leaves. 
9. Root hairs absorb most of the water from the soil. 
10. The Indian pipe is the only plant without chloro-
phyll. 
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Plants 
I. Draw a Line Under the Correct Answer. 
flower 
1. The seed making structure of a plant is root 
stem. 
flower 
2. The chief food making part of the plant is leaf 
root. 
leaf 
3. The shape of the stem is very important in determining 
root 
from what plant it came. 
leaves 4. The chief food carrying part of the plant is the flower 
stem. 
do 
5. Plants that have neither cones nor flowers do not 
sometimes 
make seeds. 
II. Fill in the Correct Answer. 
1. All plants containing manufacture their 
--------
own food. 
2. Some seedless plants grow from -------------
3. go down to seek water. 
4. Most plants need soil, water, and --------
growth. 
for 
5. 
6. 
7. 
8. 
9· 
10. 
are types of spore producing plants. 
and go up to seek light and 
air. 
--------
make the flower attractive to the insect 
for pollination. 
------------- protect the flower bud. 
produce pollen grains. 
test proves if there is starch present 
in the item being tested. 
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IIIII.:' '~' _.,. ~ .. ~ 
IJI. A:mswer in a Sentenee-. 
l. Wlaat are the funetiens of the stems of f>lants? 
!. -~~: ,· --~· 
2~ miat' tw'0 kinds of work are done by the roets e.f ~laim:ts?· 
--';,t:''¢J.. 
} .... · 
3,. E4;Pl~in the chief werk of the f:l0W~r. 
. . f . . 
• ,;. 1 . 
Whe:p_ a plant is making feed·, wkat ]>art i·s alw%"s ])resent? 
5. Hew'have plants been improved? 
;, - .:.. .... _.,, 
6. Wh~re do green plants get their· f:o0cil.'l" 
· • "1r "".,_ ·.· ~ 
. . '• .. ~ 
7. H0w d0 pla:m.ts that are not greeR ge-t their reed?-
$. Where d0 seeds come from? 
'9· Why do many insects visit flewers?.· 
1® .• Name the two kinds of' work d0ne by the seecil.s. 
• 
IV. Match Column A with Column B. 
1. 
2. 
3. 
4-
5. 
6. 
7. 
8. 
9-
10. 
11. 
12. 
A 
Chlorophyll 
Starch and sugar 
Seed 
Selection 
Protein food 
Birds, insects, 
and wind 
Petals 
Iodine Test 
Stamen 
Spores 
Grain 
Hybrids 
B 
found on the fern, puffball, 
and mushrooms. 
help carry pollen from 
----- flower to flower. 
small bits of green sub~ 
stance found in the leaves 
of plants. 
combining the good qualities 
of different plants to make 
a better plant. 
meat, eggs, fish, beans, 
walnuts, and cheese. 
fuel used by the plant. 
contains a baby plant. 
is used to find out if 
starch is present in a 
certain :rood. 
most important food crop 
almost everywhere. 
a method of improving plants. 
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• 
Plants and Seeds: 
1. 
2. 
~: 5. 
6. 
7· 8. 
9· 
10. 
Petals 
pollen 
a vase 
ovules· 
stamen; pistils 
sepals 
insects 
bees, butterflies, 
and moths 
baby plants 
wind 
Plants: 
I. i'lower 
leaf' 
leaf' 
stem 
do not 
KEY TO TESTS 
Plants:· 
1. 
2. 
~: 5. 6. 
7. 
8. 
9· 
10. 
II. 1. 
2. 
~: 5. 
6. 
7. 
8. 
9· 
10. 
T 
F 
T 
F 
T 
T 
T 
F 
T 
F 
chlorophyll 
spores 
roots 
sunlight 
molds 
leaves, stems 
bright colors, 
smell, nectar 
sepals 
stamen 
iodine 
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III. 1. The stems support the other parts of the plant. 
They carry water and minerals to green cells of 
the leaf. 
2. The roots keep the plant in place. They take 
minerals and water from the soil. 
3. The flower produces the seed. 
4. Chlorophyll is necessary--leaf. 
5. Selection, grafting, budding. 
6. Green plants manufacture their own food out of 
raw material and the soil and air {chlorophyll, 
sunlight, and water). 
7. They take in rood made by other plants. 
8. When pollen reaches the egg sac it grows until 
it develops into a seed. 
9· They are attracted by the color, smell, and nectar. 
10. a. They store food. 
IV. 10 
6 
1 
12 
5 
2 
3 
8 
11 
4 
b. They give the baby plant a start in life. 
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Bud:-
Budding: 
Bulo: 
Cells:-
GLOSSARY 
The beginning of a leaf. 
A means of improving plants. 
The underground part of a plant. It is fleshy 
and round. 
The units that make up plant bodies. The small 
living parts of all plants. 
Chlorophyll: The green coloring matter in plants. 
Conservation: Caref'ul use and protection of soil, plants, 
water, and minerals. 
Embryo~ 
Experiment: 
Fat: 
Flower: 
Graftingt 
Grain:-
Hybrid: 
Insects: 
Iodine Test: 
Leaf: 
Magnifying 
glass: 
The beginning of a baby plant inside a seed. 
When one tries to approve or disapprove 
something. 
A substance that is very oily. It is :formed 
in the body of animals. 
The :flower of a plant produces seeds. People 
usually refer to the colored blossoms as the 
flower. 
Place a small bud, sprout, or branch of a plant 
in another where it will grow. 
The most important food crop. Contains an 
embryo and also stored food. 
A plant whose parents were of different kinds. 
Small animals with six legs that help carry 
pollen :from one plant to another. 
A test used to prove if there is starch present 
in the item being tested. 
Part of a plant that grows on a stem. 
Curved glass that makes things look larger 
than they are: 
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Minerals:. 
Nectar: 
Non-green 
plants: 
Ovule: 
Petals:· 
Pistil:: 
P.lants: 
Pollen: 
Pollination:. 
Protein! 
Protoplasm: 
Root~ 
Root hairs: 
Seedling: 
Seeds: 
Selection: 
Sepals:: 
Sod:. 
Soil~ 
Rocks are formed from minerals. Calcium and 
iron are minerals that help keep our bodies 
healthy. 
Sweet liquid that is found in flowers. 
Plants that do not contain chlorophyll; 
therefore, they are not able to make their 
own food. 
Develops into a seed. 
Bright colored parts of flowers. 
Flower part that holds the seed. 
Trees, flowers, bushes, and vegetables are 
plants. 
~ powder usually yellow, found in flowers. 
This pollen causes ovules to develop into 
seeds. 
Transfer of pollen from one flower to another. 
A food substance found in meat, eggs, and fish. 
A liquid found in every cell. 
A plant part that grows down into the soil. 
It keeps the-plants in place. It takes 
minerals and water from the soil. 
Little hairs on the root through which the 
water enters the root. 
A baby seed. 
Flowers grow from seeds we plant in the ground. 
It is a plant part that will produce another 
plant. 
It is a method of plant improvement. 
Small green leaves of a flower. They cover 
the petals before the bud opens. 
Soil with grass in it. 
A mixture of rotted plant material and crumbled 
rock. 
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Spore: 
Stamen:: 
Starch: 
Stem:. 
Sugar: 
Vitamin:: 
A cell formed on plants from which new plants 
of the same kind will grow. 
Thin stalk on which pollen grains are maae 
in a flower. 
! white food material, tasteless, found in 
potatoes, rice, wheat, and other foods. 
Plant part above ground. It supports the 
other parts of the plant. 
Food material made by plants. 
Necessary for good health and growth of living 
things. 
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INTRODUCTIOl'I 
What manner o~ strange beast be this? 
tTis neither fish, flesh, nor ~owll 
These werentt the same words that the first Spanish 
explorer used when he saw his first alligator. But he probably 
felt that way. He and some explorers sent to Europe for many 
stories of dif~erent beasts and monsters. 
Today most o~ these nbeastsn are no longer strange to 
us, but there may still be some strange beasts that we don't 
know about. There are many places left to explore, where 
there are probably animals and plants unknown to scientists. 
That is why, when an expedition sets forth, some of the people 
in it are scientists who know quite a lot about living things. 
They can examine a strange plant or an~mal and classify it. 
That is, they can tell what group it belongs to, and what 
other plant or animal it is like. 
There are many different kinds of living things. No 
one in the world can name one-tenth o~ them. Then how is it 
possible tor a scientist to classify something just discovered, 
and how can he tell what group it goes?· 
No one would have any trouble deciding whether a monkey 
and parrot are living for they make much noise and move about, 
but sometimes it is not as easy. How is it possible to decide 
whether the items are living? A snail is a little shelled 
animal, and is living, although it is almost like the non-
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living pebble. The mold is a living plant which spoils a shoe. 
The rust is non-living that spoils the knife. How is it pos-
sible ~or a scientist to decide i~ something is living or non-
living. 
HOW ARE LIVING THINGS ALIKE? 
Living things are born ~rom other living items o~ the 
same. A snailts parents are snails, and its young will be 
snails. From a mold plant we get mold on a shoe. From the 
seed o~ another watermelon plant a watermelon plant grew and 
its seed can grow up to be more or the same. Every living 
thing on the earth was born from another living thing o~ the 
same. 
You donrt have to ~ind its parents be~ore you decide 
whether a thing is living, ~or all living things are alike 
in other ways, too. 
1. Living things grow and change. 
2. Living things need ~ood. 
3. Living things use oocygen. 
4 .. Living things can move. 
It is easy ~or us to know that we are among the living 
and so are cats, canaries and many other things. It isntt 
very easy to see how plants are living things. 
HOW ARE PLANTS LIKE ANIMALS? 
All living things are made of cells, and each cell is 
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a small amount of protoplasm which is living material. It is 
in liquid form somewhat like egg whites. All living things 
are made of cells, and they are not alike, for they have many 
different shapes and do different work. Every animal and 
plant is made of one or more cells. 
Suppose a scientist decided he was looking at a living 
animal, didn't know what it was and wanted to classify it, or 
find out what group the animal belongs. 
HOW ARE ANIMALS PUT INTO GROUPS? 
Scientists classify living things into groups that are 
alike in·important ways* Cocker spaniels, police dogs and 
beagles are all classified as dogs. They are different in 
color, shape and size, but are alike in many ways. Even if 
you saw a strange breed of dog you wouldn't mistake it for a 
bird or a fish. A child once said, ni know it's a dog because 
its parts are dog parts, and they are put together in a doggy 
way. n 
This is a good way of saying it. A scientist does 
classify the animals according to the parts they have and how 
they are put together. They call this way classifying by 
structure. The structure means what the parts are like and 
how they are put together. The structure of a car is differ-
ent from a garage. The structure of a bird is different from 
that of a fish. 
The first thing the scientist wants to know is whether 
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the animal has a backbone in its body.· All animals with back-
bones are grouped together, and they are the first big group. 
Many animals donrt have backbones and some of these 
animals are the jellyfish and eanthworm which are quite soft. 
The lobster and clam have hard outside coverings as hard as 
bone, but they have no backbones. 
All the different animals can be classified into two 
large groups~ those without backbones and those with back-
bones. A cow and a fish both have backbones, but are differ-
ent in many other ways. This grouping is too big so we need 
to find out more. Letts see how backbone animals are divided 
into groups. 
There are five groups of animals with backbones. 
1. Mammals. 
2. Birds. 
3. Reptiles. 
4. Amphibians. 
5. Fish. 
CLASSIFICATION OF ANIMALS 
Mammals. The mammals began to develop before the first 
birds appeared. They were unimportant and small at first; but 
were destined to become the most important group of all. 
These mammals were more active than the reptiles. They de-
veloped hair or fur and warm blood that kept them warm in 
cold weather. For some unknown reason, the dinosaurs suddenly 
~0 
became extinct. But the mammals increased in importance and 
numbers until they dominated the earth. This period in the 
history of' the earth is sometimes called the 11Age of' Mammals.'' 
Did you ever see a picture of' a real mermaid? This 
creature lives near the coast of' Florida in the shallow sea. 
Scientists call it a manater, But sailors in early times called 
it a sea maid or a sea-woman. The French word f'or sea is 
Hmer, 11 and that ·is how the mermaid stories began. 
A manater is a sea animal with a backbone, but doesn't 
have the structure of' a f'ish. 
Manatees belong in the group of' mammals. In this 
' group are •cows, dogs, elephants, miee, cats, and many others. 
How can so many dif'f'erent ~nimals be elassif'ied in 
the same group? They can because all mammals are alike in 
some important ways. 
Mammals have hair on their bodies. Some mammals may 
be entirely covered by hair, but some, like the manatee and 
the whale, have just a f'ew bristly hairs. A kitten's hair 
is sof't and silky. A sheep's is curly and thick, while some 
of' a porcupine r s hair is in the :form o:f sharp thick quills. 
Hair can be di:f:ferent in many ways, but all mammals have some 
kind of' hair. Only mammals have hair. 
Mammals have lungs and breathe air. All mammals must 
have air to breathe, and it comes in through their nostrils, 
and :flows through a windpipe into two lungs. Here oxygen in 
the air passes into the blood. The blood carries the oxygen 
to all parts of the body. All mammals have lungs and must 
breathe air. 
Mammals are warm-blooded which means that their blood 
remains at about the same temperature all the time. No mat-
ter how hot or cold the outside temperature is, the tempera-
ture of a mammal's blood remains the same. The blood of 
cold-blooded animals changes as the outside temperature· 
changes. 
Sometimes its blood temperature may rise a few degrees 
when a mammal is ill, but usually in all weather his blood 
remains at the same temperature. 
Mother mammals can make milk and feed their babies 
with milk from their bodies. While many animal mothers take 
good care of their young and feed them well, only mammals can 
make milk. 
Other animals may be like mammals in one or more ways, 
but only mammals are alike in all four ways. 
Mammals aren't alike in other ways, for they may be 
very different in size, shape, color and in their ability to 
do many things. They may behave differently. Some may move 
about in sea, in air, and on land, but all are alike in four 
ways which are:.-
1. All mammals have hair. 
2. All mammals have lungs and breathe air. 
3. All mammals are warm-blooded. 
4- All mammals can make milk to feed their young. 
142 
So, you see, people belong to the group called mammals. 
Things to Do 
1. Find pictures of different kinds of dogs.. Make a chart 
showing how dogs are useful to man. 
2. Make a list of helpful animals. Beside it make a list of 
harmful ones. Which is the longer list? 
3. Find out how different animals prepare for winter in the 
following!' 
a. hibernating. 
b. growing a heavier coat of fur. 
c. storing food in nests or holes. 
d. changing color of coats. 
e. staying in winter homes. 
4. Visit a park or grove and try to find a hidden store of 
food of a squirrel. 
5. Build a muskratrs home. Use dry grass stems for the walls. 
Plaster them on the outside with something firm, as mud 
or plaster .. 
6. Give special reports on the horse, camel, and llama. 
7. Compare the length of time required for a cat to become 
full grown with the time required by an elephant to reach 
maturity. Explain how this compares with their length 
of life. 
8. Write a story about a bear that is dormant in winter and 
active in the summer. Tell what it does in summer. De-
scribe its winter home and tell what it does in winter. 
9. Find out why gophers, moles, and prairie dogs are con-
sidered pests on the farm. 
10. List favorite abodes of the mouse and rat and give methods 
which will aid in their extermination. 
11. Bring pet white rats, rabbits, squirrels or other rodents 
to school. Study their teeth and eating habits. 
12. Find pictures of different kinds of dogs. Make a chart 
showing how dogs are useful to man. 
13. Find out how wild animals are protected in your state. 
Write your state game commission to learn which animals 
are protected. Ask what are the dates of the open seasons 
for hunting certain animals. Ask how many of each kind of 
animal a hunter may kill. 
Birds. No matter what they do, birds·always look like 
birds. Penguins' two short wings may look li~e seal's flip-
pers, but are covered with thin, smooth feathers and so is 
the rest of his body. Only birds have feathers, so any living 
thing with feathers is a bird. 
A bird has different kinds of feathers for different 
uses. Get some feathers where chickens are prepared for mar-
ket. Notice the wing feathers that push against the air when 
flying are broad and flat. See the fluffy down feathers that 
serve as warm underwear, that are new feathers about to un-
fold and grow. There are many other kinds of feathers. 
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Rave you ever seen a bird dressing its feathers? It is 
spreading oil over the outer feathers. Can you tell why? You 
can find out by doing this experiment. 
Make two small balls of crumpled newspaper. Wrap one 
. i 
i in newspaper that has been spread with oil. Wrap. the other 
I 
in plain newspaper. Sprinkle a lot of water on bbth and then 
I 
unwnap them. Which one is dry inside? Which one\ has become 
1 
wet and therefore heavier? 
I 
Most birds can fly and their structure sho~s it. Their 
bones are quite light and some are hollow. Even ~ chicken 
has hollow bones and he 1 s not much of a flier. 
Moving forward isn 1 t enough for a bird. He must get 
up into the air and stay there. To get up into the air and 
stay there a bird pushes down against the air. Each downward 
flap of its wings pushes the bird up a little way~ At the 
same time, the wings of a bird push backward against the air 
i 
and sends the bird forward. The wings beat downward and 
backward with a curving movement. Beat after bea~, the bird 
swims forward and upward through the air. 
All birds are warm-blooded. On cold days a:nd warm 
days, in the water and in the air a birdts blood S 1tays at the 
I 
same temperature. What other animal group I is warm-blooded? 
I 
All birds 'hatch out of eggs, and most of th;em build 
' 
some kind of nest. Some of these nests are only ai few twigs 
I 
piled together, or a grass-lined hollow in the gropnd while 
others are carefully built structures. 
I 
! 
I 
I 
All birds are alike for they have no teeth. Instead 
of teeth they have bills which they use for gettfng food. 
Their bills have different shapes. Some shapes aire good for 
'I 
cracking seeds, some for catching fish and some f:or digging 
! 
insects out of bark. 
i 
When watching a bird eat noitice its 
bill and its food. See if you can tell how the b~ll is suited 
to the kind of food the bird is eating. 
In almost every part of' the world birds ar~ found. 
They come in many sizes from a hummingbird as sma~l as your 
finger to an ostrich eight feet tall and weighing: two hundred 
pounds. Birds build many kinds of nests and eat many kinds 
of food but they are alike in these ways! 
1. Birds have feathers. 
2. Birds have lungs and breathe air. 
3. Birds are warm-blooded. 
4- Birds have bills, but no teeth. 
5. Birds have two wings and two feet. 
6. Birds hatch out of eggs. 
Things to Do 
i 
1. Make a feeding station for birds. Fasten a flat wooden 
shelf' outside,your window. I The shelf should ~e as long 
I 
as the width of the window and about two feet 
1
wide. A 
glass cover about six inches above the shelf ils good to 
I 
keep rain off' the birdst food. Put grain and isunf'lower 
seeds on the feeding station each day. 
i 
2. Find out if there is a chicken or tuckey or duck farm near 
you. Arrange to visit this farm. I Ask the owner to show 
you the incubator and the brooder. Perhaps y~u will be 
I 
I 
able to see some of the young birds. Try to fiind out what 
I 
one must know to be successful in raising thes:e birds. 
3. Visit a museum or zoo and look at the birds of! prey. How 
I 
are owls and hawks alike? How do they differ?'\ Notice how 
\ 
the owl can look straight ahead of' him, as you\ can. What 
i 
other animal has eyes similar to those of' an owl?' How do 
I 
i the eyes of the hawk dif'f'er :from those of the 9wl? 
\ 
I 4. Break a hen's egg into a saucer. Can you see~ tiny spot 
I 
on the yolk? This might have developed into a1chick if 
' 
the egg had been kept in an incubator. Boil a~ egg hard. 
Cut it in two lengthwise and look at it. Can ~ou see layers 
in the white'!' 
i 
5. Watch for birds that are building nests. Withd\ut disturb-
ing them observe their activities f'or several ~eeks. Keep 
I 
a record of these things: 
a. location of nest. 
b. date started. 
c. material used in making nest. 
d. date of completion of nest. 
e. work done by male and female. 
f. length of time female sat on the nest. 
g. date you see either parent :feeding a younger one. 
h. kind of' food f'ed to young. 
'~==~==========================~====~==== 
i. date the young birds left the nest. 
i 
I 
j. appearance of birds when old enough to flY:· 
6. Select a bird that you see only part of the y
1
ear. Look 
I 
': 
in a bird book and find out where this bird g'oes for the 
I 
rest of the year. Trace its possible journey: on a map 
of North America. 
! 
7. Keep a record of birds that you see in winter!! Then add 
8. 
9· 
I 
to the record those you see returning in spring. 
i 
I 
Find 
pictures of them or draw pictures for a large i bird calen-
dar. 
Look for a nest of swallows. 
alone? Which are in the most 
Discuss the use of feathers as 
Are they in 
I 
i 
I 
! 
I grouns I c.!:' 
i 
I protected place~? 
I 
ornaments and the 
I 
I 
I 
extinction of such birds as the egret. 
or built 
near 
10. Take a field trip to search for nests. Take ri.otes on:-
1 
a. materials used for nests. 
b. materials used for outside and inside of 
c. most common material used. 
d. size of largest nest. 
e. size of smallest nest. 
f. best made nest. 
g. most poorly made nest. 
I 
I 
I 
ne:sts. 
I, 
h. where found:: tree, hedge, ground or buildi:i;J.g. 
1 
11. Discuss why birds of prey usually live longer 
small birds. 
i 
than 
I, 
I 
other 
12. Give examples of male birds which are brighter i, than the 
females and explain why. I 
Reptiles. These animals look different frpm each other 
i in shape, yet they are very much alike in structure for they 
I are all reptiles. 
A snake's skin is made of many smooth, hard scales that 
i 
fit over each other like the shingles on a roof. \All snakes 
have scaly skins and a snake can wriggle and twis~ because it 
! 
I can move its under scales. 
11 
Perhaps you can borrow a snakeskin purse o~ belt to 
bring to class. Look at it under a hand lens. I I 
I 
A turtle is a reptile, but its scales aren 1it like a 
' 
-1 
snake 1 s for they fit firmly against each other and together 
i 
they form a strong, hard box that protects the turtle. This 
slow, crawling animal needs protection also. 
Other reptiles are lizards, crocodiles, 
il 
I 
I 
I 
I 
andi. alligators. 
I 
I 
All have scaly skins. You might have seen shoes, ~uggage and 
i 
belts made from their tough skins. !I 
I 
All reptiles have lungs and breathe air for\ even those 
I 
that live in water must come up to breathe. Some ~an stay 
under water for a long time on one breath for they[have huge 
I 
lungs. They must come up at last for reptiles nee4 air to 
breathe. I 
Have you ever touched a reptile? 
,I 
It usuall1 feels cool 
to the touch. 
the same warm 
I 
They haven 1 t any way of keeping the~r blood at 
I 
temperature all the time. In a cool !place they 
I 
I. 
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become cool and in a warm place they become warm. We say rep-
tiles are cold-blooded~ but that is true only some of the 
time. When the outside temperature changes the temperature 
of a reptile's blood changes. 
Some people are afraid of snakes, but most snakes are 
even more afraid of people. They should be protected for 
snakes are useful in eating field mice and other animals that 
destroy crops. There are only a few kinds of poisonous snakes 
in this country. 
Things to Do 
1. Bring a turtle or snail to school and let children see how 
it protects itself. 
2. Get a turtle and keep it indoors in a box. Put some earth 
on the bottom of the box. ~s cold weather comes place the 
box in a cool place. Observe what the animal does when it 
is cold. 
3. There are four kinds of poisonous snakes in the United 
States. Look for pictures of snakes and find all four 
kinds. Put the pictures on a chart. Put the non-poisonous 
ones together. Are all of the rattlesnakes alike? Are all 
equally poisonous?' 
Amphibians. Herets a chance for some detective work. 
If you found a spotted salamander and a fence ,lizard in their 
natural setting could you tell which one is a reptile? Both 
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have lungs, and are cold-blooded but their skin ~olor is dif-
1 
ferent. Could there be something else about thetr skins that 
I 
gives you a clue? I 
I 
The fence lizard is a reptile because he ~as a dry, 
scaly skin. I 
The salamander is without scales and has sLooth damp 
I 
skin and belongs to the amphibians. Frogs and to;ads are the 
most common amphibians. All amphibians have skin! without 
I 
I 
scales and have gills instead of lungs when they ~re born. 
I Gills are used for getting oxygen from water and ~ungs are 
I 
used for getting oxygen from the air. I 
You have seen tadpoles swimming in pools 
they are the young of frogs and toads. They use 
oxygen from the water, but as they grow up their 
Inside the body the lungs develop and become air 
i 
I 
and ponds and 
I 
gills to get 
I 
~ills shrink. 
I 
i breathers. 
I 
i 
Most amphibians are hatched from eggs thatiwere laid 
I 
in the water. \ 
At first the young amphibians use gills fo~ oxygen 
I 
from the water. Then lungs grow and they can bre~the in air. I . 
Most grown amphibians eat insects. A few ioads and 
! 
frogs near your home· can keep you from many insee~ bites dur-
1 
ing summer. I 
No matter what shape or color_ you can tell an amphibian 
in these ways~ 
1. Amphibians have skin without scales. 
2. Amp~ibians are cold-blooded. 
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3. ~mphibians have gills and get oxygen from the water 
when they are young, and have lungs and g1t oxygen 
from the air when they have grown up. I 
i 
Things to Do I 
I 
I 1. Talk about the power or the tree frog and of the chameleon 
I 
to disguise. I 
I 
2. Describe the differences between frogs and to~ds. 
I 3. Secure a number of toad and frog eggs. Compar,e. Note 
their development daily until the adult form ~s reached. 
I 4. Write a short paragraph telling why the toad ~s a good 
I garden helper. 
! 
5. Explain why an amphibian must live close to tJe water. 
! 
6. Collect some frog eggs and keep them in a flati container 
7· 
I 
of pond water several inches deep. Feed tadpoQes, and 
i 
algae. When the legs begin to develop the tadpoles will 
i 
eat bits of hard-boiled eggs. I I 
I Look for toads in your garden. Many times the-y dig into 
I 
sort earth under bushes. They go in backwards[ with their 
I 
noses barely covered. Bring one to school and make a 
terrarium for it. An empty terrarium or gallop jar. Over 
I 
I 
this put some garden soil. Lay a piece of bark on the 
I 
soil for the toad to hide under. Feed the toad insects 
! 
I 
or earthworms while you have it in the room. feep a cover 
on the terrarium. If you place the jar next tb a cold 
I 
window you may see the toad bury himself. If he is thirsty 
155 
1 156 
i 
I 
he may climb into a saucer of water put on thJ soil. After 
you have studied him return him to 
8. Go to a pond and look for frog and 
bring the eggs into the classroom. 
to hatch. 
the gardenl 
I 
toad eggs. j Do not 
I 
Leave the~ in the pond 
I 
I 
I 
I 
:ilts tail. In 
i 
Fish. A fish pushes itself forward with 
your aquarium watch the fish swinging their way florward 
I through the water. A fish has muscles that are ~trong, and 
! 
that swing its tail in a curving motion from sidd to side. 
I 
This swinging motion sends water swirling backwa~d as it sends 
the fish forward. I 
I 
A squid is a sea animal that moves througti the water 
I 
I 
in a strange way. Under its head the squid has ~ strong 
I 
built-in pumping machine that pulls sea water t~ough a cavity 
and then forces it out through a tube. The powe~ful jet of 
water streaming forward sends the squid i backward.i 
The squid has a different way of swimming I it 1and can 
I 
I 
something even more unusual. Near the end of I water do :its 
I 
pump it has a little bag of dark brmm ink. It siquirts some 
ink into the jet of water when the squid is beingl chased. 
The water turns a deep, cloudy brown, leaving thel hunter con-
fused and puzzled. 
Most fish are covered with scales. The sc1ales are 
very small on some fish like an eel. 
Oxygen is needed by all living things. Maby kinds of 
I 
I 
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animals get oxygen by breathing air~ but fish get oxygen by 
taking water in through their mouths and letting it out 
through openings called gill slits. As water passes through, 
it ~lows across the fishes 1 gills. Into the gills goes oxygen 
from the water. When you see a fish looking as if it were 
s~allowing water it is breathing not drinking. 
Fish are cold-blooded animals for the temperature or 
their blood is the same as the temperature or water. 
Scales, gills, fins, and cold blood are round to be 
part of an animal called a fish. 
Things to Do 
1. Read about some or the early animals without backbones 
such as jellyfishes, and some of the animals with back-
bones such as sharks. 
2. Make drawings of early fishes and or present-day ones. 
3. Discuss the difference between fish and amphibians. 
4. Draw a section or the ocean and shore on the bulletin 
board. Find pictures or sea animals and display them 
where they might be found, on the shore, in the water, 
or on the bottom or the ocean. 
5. Fish in an aquarium require air and gas. When a .fish is 
put in a jar of cold water .from which air has been removed 
by boiling and the jar is covered to exclude the air, the 
fish will soon appear to be dying. If it is then immedi-
ately placed in ordinary water, it will become as lively 
158 
as it was at the beginning of the experiment. 
If another fish is placed in lime water the water will 
i 
soon begin to turn milky. Use perch sunfish-~by using a 
I 
i 
small jar and only quantity of water necessar~ to cover 
the fish you probably can observe that it is the lime 
I 
' 
water around the gills that turns milky. This\ experiment 
shows that fish make use of air. 1 
I 6. Living things in an aquarium. Get some gravell, wash it 
and then scatter it over the bottom .of the aqu!arium. Then 
wash some sand until any mud that it may conta~n has peen 
I 
removed and spread it out over the gravel unti~ you have 
a bottom layer about three inches 
the aquarium with pond water--add 
i 
in thickness!. Now fill 
I 
i 
five to ten pond snails 
they will help to keep the aquarium clean,i goldfish 
I 
minnows also. Add a few water plants. 1 
for 
and 
I 
I The animals use up oxygen. If they can't oxidize food 
i 
materials and release energy from them, they aren't able 
I 
to live. The animals discharge carbon dioxidelinto water. 
The green plants use carbon dioxide as food. They also 
1 free some oxygen as a waste product when they ~re making 
I 
I foods. So we have a cycle in which animals use oxygen. 
! 
I 
I 
INSECTS I 
I 
I 
I 
I All the animals you have learned about have backbones. 
I Many do not, and the most common of these are insicts. 
If you ever went on a picnic you know therJ are many 
I 
I 
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kinds of insects and many come to you and your picnic lunch. 
Insects come in many shapes, colors, and sizes. How are they 
alike? We have to learn more about the structure. 
How many legs can you count on an insect? If you 
counted them you would find that all insects have six legs 
when they are grown up. Many insects go through several 
stages before they reach the adult stage. 
You ·can also tell ants by their body structure. Their 
bodies are divided into three parts and they are the head, 
thorax, and abdomen. In ants and .flies you can clearly see 
the parts, but in some the head and thorax are almost like 
one part. 
Insects have two .feelers in front of the head called 
antennae. They use the antennae for touching, as noses .for 
sniffing, and as tongues for tasting. Have you ever watched 
an insect waving its antennae in all directionst It is ex-
p loring the world around it. ··~ , . 
Insects have a special way<.:..of breathing. Along the 
.,. 
abdomen they have two rows of breathing holes. On some in-
sects, you can see the abdomen moving up and down, pumping 
air through the breathing holes. 
The structures of an insect are six legs, three body 
parts, two antennae,and two rows of breathing holes. 
Honeybees. It is apple-blossom day for a busy bee. 
The bee buzzes along from blossom to blossom. At each stop 
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he sips nectar and collects some pollen in the little pollen 
baskets on its legs. 
Some pollen brushes o:f:f onto other apple blossoms and 
gets them started into seed-making. There is plenty o:f pollen 
:for both the bees and the :flowers, :for the :flowers have so 
much pollen. 
The bee will :fly back to the hive when she is loaded 
with nectar and pollen. There the nectar will be made into 
honey and the pollen grains into bee bread. 
The :food o:f a bee is bread and honey. 
The bee knew where to go to look :for the apple blos-
soms, even though they are :far :from her hive. 
That morning, a bee scout brought the good news into 
the hive that apple blossoms were opening. The scout told 
her how :far to :fly and in what direction. This is how the 
bee scout told the news. 
First the scout circled around and around a certain 
number o:f times and that told the other bees how :far to go. 
The direction the scout points its body during part o:f the 
dance tells the other bees the way to go. The other bees 
can smell the sweet, delicate scent of apples by buz~ing 
around the scout. 
They know how :far to :fly, which way to :fly, and what 
to look :for by this. 
O:f:f go those bees whose special work is collecting 
pollen and nectar. They work among the apple blossoms all 
163 
day long. Back and forth, from the apple tree to the hive, 
they travel all day. 
The nectar and pollen are made into honey and bee bread 
inside the hive. In little spaces called cells these are 
stored away. Later in the year, and all through the cold 
winter when there arentt any flowers to find, there will be 
honey and bread because the collector bees Worked in the sum-
mer. 
In a beehive there are many kinds of work to accomplish. 
Worker bees that are collecting honey probably are the bees 
that buzz over you on a summer day. 
In the hive other worker bees ~re cleaning and feeding 
the baby bees. Some of the baby bees will be workers and some 
will be drones. Drones are male bees and one of them may be-
come the father bee in a hive. 
Some of the bees are building the six-sided wax cells. 
Other bees keep the hive clean. There are also bees that 
stand watch at the entrance of the hive. They keep out any 
strange thing that dares to come in, even a bee from another 
hive. 
Inside the hive rather deep do~r.n, there is the queen 
bee, who is the mother of all the baby bees. Her work is to 
lay eggs in cell after cell. She doesntt do anything else, 
but this is very important work. The other bee workers feed 
her, and they keep her and the place around her extremely 
clean. 
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Bees work together and live together. All the bees 
make a clean, snug home for them~elves together. Their young 
hatch and grow up inside the hive safely. The food that the 
worker bees gather and store in summer keeps all the bees fed 
throughout the winter. 
Sharing the food and home and dividing the work seems 
to work well for bees. 
Ants. Some other animals also live and work together. 
You might have seen ants hurrying back and forth busily from 
a hole in the ground. Underneath there are tunnels~ nurseries, 
storage rooms, the queenls chamber, and other special rooms' 
all dug out by the ants. 
You perhaps broke into an antTs nest when you were 
digging up the soil. You were able to see the nurse ants 
running off, each carrying an ant cocoon to safety. 
Insects and People. The way these insects live and 
work together may remind you of people. However, there are 
some big differences. 
Insects have no choice about their work for a worker 
bee cannot lay eggs. A queen bee can't fly among the flowers 
gathering pollen and nectar. A bee 1 s work is set out for it 
from the moment it is born, and it cannot choose other work. 
Insects that live together and divide the work and do 
it well are wonderful to watch. Now think about yourself, 
and how wonderful and different it is to be a person. 
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As you grow up, you will learn many different kinds of 
things. You will be able to choose many kinds of play and 
work. You will be able to choose and you will be able to 
change your mind. 
Perhaps you are wondering why the spider hasntt been 
classified with the insects. Count~its legs and parts of its 
body. How is it different from an insect? 
There are many other animals that don't belong in any 
of the groups you have learned about. However, most of the 
animals that we usually see are mammals, birds, reptiles, 
amphibians, fish, or insects. 
Things to Do 
1. Bring some insects to schoolroom and watch their behavior 
when an enemy is near. 
2. Watch for the appearance of insects--flies, monarchs, 
dragon flies, and bees that have been dormant all winter. 
3. Observe ants carrying food to their homes. List kinds 
of food you have seen them take. Notice the speed at 
which they travel. 
4. Observe the number and kinds of insects about an electric 
street lamp at night. 
5. Bring to class a grasshopper in a glass jar, cloth covered. 
Observe the following things about him: 
a. how often and how much he eats. 
b. what he eats. 
168 
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c. how he makes his music. 
de number and kind of legs. 
e. how he chews t1tobacco juice. tr 
f. what it is and why used. 
6. Watch fly eggs develop in a screened and darkened jar. 
Keep record or changes in size, shape, and color during 
each stage in the life cycle. Sprinkle borax on another 
such jar and note results. 
7. Place a bit or gelatin in glass dish. Let fly walk over 
it. Cover and set aside for a few days. Observe where 
fly walked. 
8. Obtain a Cecropia cocoon. Try to unwind it. 
9· Bring to class a butterfly,. grasshopper, and mosquito. 
Examine each to find out how this creature spends the 
winter. 
10. Find out why the drones are killed in the fall. Also find 
out how much an ordinary sized colony of honeybees would 
eat during winter. 
11. List and discuss the loss caused by some of our common 
garden and farm enemies such as grasshopper and boll 
weevil. Find out what is done to control these enemies, 
and make a collection or pictures of harmful insects. 
12. Why there ~ ~ many insects. 
Need: Two pint milk bottles and lids to lay on top of 
them, one very ripe banana, a few very ripe grapes or some 
f'ruit flies. 
Put a piece of banana into each bottle. If you have 
some live fruit flies put a few into each bottle. If you 
dontt have any flies, put a few grapes into each bottle. 
Fruit flies usually develop on very ripe fruit. Cover 
the bottles. Let the bottles stand in a warm room until 
fruit flies have appeared. Count the number of flies in 
each bottle. Let the bottles stand in a warm room but 
not in direct sunlight for a week. Observe them from 
day to day. Have more flies developed? Where did they 
come from? At the end of a week count the number of 
flies on each bottle. Have they increased? How many 
more are there than when you started? 
Fruit flies lay their eggs on ripe fruit. If any 
flies developed in the bottles, eggs must have been there. 
13. How to kill sucking insects. 
Need:: A plant with live aphids on the leaves or stems, 
a quart jar, soap, a teaspoonful of kerosene or lubricat-
ing oil, and a sprayer. 
Make soapsuds by shaking the soap in a jar of warm 
water. Add the oil and mix thoroughly. Examine a leaf 
through a hand lens and locate aphids. Notice how they 
have their beaks buried in the skin of the leaf. Fill 
the sprayer with the soapy mixture, and spray the leaf 
well. Again look at the aphids through the lens. Have 
they changed? Observe their actions. If you are working 
with a house plant or a garden plant that has many aphids 
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on it spray the whole plant. Compare it with a plant that 
has not been sprayed. Did you kill the aphids? 
14. Get a jarrul of stagnant water containing mosquito 
wrigglers or eggs rrom a pond or other standing water. 
Keep the water in the room until you see larvae in it. 
Then take some or the larvae out and put them into another 
jar of water. Cover the other jar. Pour a few drops or 
oil on the water containing larvae you have removed rrom 
the rest. What happens to them? This is one way to 
destroy mosquitoes. Watch the other larvae as they de-
velop. When they begin to change into adults put a fish 
or tadpole into the jar with them. What happens? This 
is another way to keep pools of standing water from be-
coming breeding places for mosquitoes. Which of these 
ways of destroying mosquitoes would be better in your 
yard? 
15. Visit a seed store and find out what kinds of chemicals 
are sold for killing insects. 
16. Look for eggs of insects on stems or leaves or plants. 
Study them with a lens. How do they dirfer rrom frog and 
snail eggs? 
17. Look for spider egg cases. You may find them attached to 
boards and bushes or beneath some rocks. Put them into 
glass jars and lay covers on the jars. Keep them until 
the eggs hatch. Do spiders change as much as cater-
pillars? 
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18. Find a hill or small ants. Dig some or it up and put it 
into a half-gallon jar. Fasten a piece or black paper 
around the jar.. Lay a lid on top of the jar. Keep the 
soil moist by sprinkling water on it or by keeping a 
small piece or wet sponge on top or it. Put pieces or 
cookies or other sweet rood on top of the soil. To bb-
serve the ants remove the paper. 
19. Try keeping one ant by itselr in a small glass of earth. 
How long does it live?' 
20. Why the Japanese beetle is considered a harmful insect. 
Bring one or two beetles to school. Place them in a 
glass jar. Put in several green leaves from plants that 
the insect likes, such as raspberry or blackberry. Cover 
jar with a piece of white cloth. Watch what happens to 
the green leaves in the jar.. Draw a picture of the traps 
designed to catch these beetles. See if you can find out 
how scientists are experimenting to gain ways of control-
ling these insects. 
21. Measure the insect you decide to use rrom the head to the 
tip of the abdomen. Then place the insect on unobstructed 
ground that will enable you to measure jumps and to re-
cover the insect. Follow the motion or an ant for rifteen 
minutes. Where is it going?. Does it travel in a straight 
path? Does it travel for a considerable distance? Pick 
it up carefully with a stiff piece or paper and place it 
where it was a short time before. Does it move at the 
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same speed all the time? What is it bringing to the ant-
hill? How much greater than its own size is the material 
that it is dragging? If you take away from an ant some-
thing that it is struggling with,will it recover the sub-
stance and continue its journey? 
22. Try placing a ring of earth, wire or cologne around the 
substance. Will the ant cross the obstruction to recover 
the load or will it lose all interest?· 
23. Find an ant hill and answer the following questions as 
you observe it:: 
a. in what kind of soil did the ants build their hill? 
b. how many entrances are there? 
c. is there another ant hill nearby? 
d. what kind of ants were coming in and out of the hill? 
e. what were the workers carrying into the hill? 
f. what were the workers carrying out of the hill? 
g. how were the ants carrying their loads?, 
24. Make ~ artificial ant nest. Dig up part of an ant hill. 
Put the sand and ants into a wide-mouthed glass jar. Fill 
the jar within three inches of the top. Put black paper 
around the jar. Put the jar in a dish of water. This 
will keep the ants from running away. Put a moist sponge 
on top of the sand. Keep the sponge moist. The ants get 
their water from the sponge. Feed the ants dead insects, 
sugar, and crumbs. Ants will eat almost anything. Leave 
the ants in the dark for several days. Now remove the 
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black paper. You can see the tunnels that the ants have 
made. You can watch them at their work. Place the black 
paper around the jar when you are not observing the ants. 
25. Make a scent trial by dragging a cloth soaked in molasses 
along the ground, starting at the anthill. Will ants 
move along this trail? Try different scents. 
26. To find out whether cooling an insect makes it go more 
sluggishly, first clock it a few times to get its accurate 
speed. Then place it in the refrigerator so it cools off. 
Record the temperature and length of time it was cooled. 
Now time it on the track. What happened to its speed? 
Does it show any other unusual behavior? 
27. Place caterpillar in a jar with some leaves of the plant 
on which it was feeding when found. Sprinkle water on the 
leaves. Cover the jar with something which allows air to 
pass. Watch the insect spin a cocoon or form a chrysalis. 
A moth or butterfly will emerge. 
28. Use a yellow, white, blue or red electric bulb. Make sure 
the wattages are the same and that the lights are about 
three feet apart. Most people find that blue bulbs at-
tract insects while yellow bulbs are actually used to 
repel them. 
29. Bury a long empty olive jar or tin can so that the top is 
flush with the ground. Place some meat in the trap. The 
beetle cannot escape once it falls in. 
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TEST ON MAMMALS. 
Fill in blank. 
1. A manter is a -----------
2. Mammals have on their bodies .. 
3. Mammals have and breathe 
--------
4. A mammal is a blooded animal. 
---------
5. All mammals can make 
-----
to feed their young. 
6. The 
body. 
carries the oxygen to all parts of the 
7. The temperature of a mammal's blood remains the 
-----
8. Mother mammals can make 
--------
9. We, as 
-------- belong to this group. 
10. Mother mammals can feed their babies with milk from 
their 
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TEST ON BIRDS 
True or False. 
---
1. Only birds have feathers. 
2.. All birds are cold-blooded. 
3. All birds have teeth. 
4. They use bills to get their rood. 
5. Birds hatch out of eggs. 
6. A bird has different kinds or feathers for 
different uses. 
7. Most birds cantt fly. 
8. They use their bill to get food. 
9· Birds have two wings and two feet. 
_____ 10. Birds don't have lungs or breathe air. 
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TEST ON REPTILES 
Essay. 
1. How are snakes useful?' 
2. What happens to the temperature of a reptile?' 
3. Do reptiles need air to breathe? 
4. Are snakes afraid of anything? 
5. Are there many poisonous snakes in the United States? 
6. ~fuat kind of skin does a snake have? 
7. How can snakes wriggle and twist? 
8. What protects a turtle? 
9· Name two other reptiles. 
10. Do all reptiles have lungs? 
TEST ON AMPHIBIANS 
Fill in blanks. 
1. All amphibians have skin without 
2. Amphibians are blooded. 
3. Amphibians have ----- and get -------- from the 
water when they are young. 
4· Amphibians have and get oxygen from the 
when they have grown up. 
5. Most amphibians are hatched from-----------
laid in the 
6. The salamander belongs to the 
7. are the young of frogs and toads. 
8. Most grown amphibians eat 
9· Their lungs develop and become air 
that were 
10. and are the most common 
-------
amphibians. 
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TEST ON FISH 
Essay. 
1. How does a fish move in the water? 
2. What is a squid? 
3. How do fish get oxygen? 
4. Why are fish cold-blooded animals? 
5. Name three characteristics of a fish, 
6. Are most fish covered with scales? 
7. How does a fish move forward? 
8. When you see a fish looking as if it were swallowing 
water what is it really doing? 
9· Are the scales on an eel rather small? 
10. Is it true that some fish have backbones and some donrt? 
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TEST ON INSECTS 
Fill in blanks. 
1. Insects do not have 
2. The three parts of an ant are 
and 
------' ------' 
------
3. Antennae are two in front of the head. 
4. Antennae are used for 
5. An insect has legs. 
6. · Along the abdomen they have two rows of 
holes. 
7. Insects come in many colors and 
------
8. Many insects go through several-------
reach the adult stage. 
before they 
9. You can tell 'by their body structure. 
------
10. In some insects the head and thorax are almost like 
one 
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Test on Mammals: 
Test on Birds: 
Test on Reptiles: 
l. 
2. 
~: 5. 
6. 
7. 
8. 
9· 
10. 
1. 
2. 
~: 5. 
6. 
7. 
8. 
9· 
10. 
KEY TO TESTS 
sea maid 
hair 
lungs, air 
warm 
milk 
blood 
same 
milk 
people 
bodies 
True 
False 
False 
True 
True 
True 
False 
True 
True 
False 
1. They eat field. mice and other animals that destroy crops. 
2. They haven't any way of keeping their blood at the same 
warm temperature all the time for in a cool place they 
become cool and in a warm place they become warm. 
3. Yes, they do need air to breathe. 
4- Snakes are afraid of people. 
5. Only a few kinds can be found in the United States. 
6. They have scaly skins. 
7. They are able to because a snake can move its under scales. 
8. His scales fit against each other and they form a strong 
hard body. 
9· Lizards, alligators, crocodiles, to name a few. 
10. Yes, all reptiles have lungs. 
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Test on Amphibians: 1. scales 
Test on Fish: 
2. cold 
3. gills, oxygen 4. lungs, air 
5. eggs, water 
6. amphibians 
7- tadpoles 
8. insects 
9· breathers 
10. frogs, toads 
1. He moves by moving his fins. 
2. It is a sea animal. 
3. They get oxygen by taking water in through their mouths 
and letting it out through gill slits. 
4. They are because the temperature of blood is the same 
as water. 
5. They are scales, gills, and cold blood. 
6. Yes, most fish are covered with scales. 
7. By pushing itself forward through the water he moves 
forward. 
8. The fish is breathing and not drinking. 
9. Yes, the scales on an eel are rather small. 
10. Yes. 
Test on Insects: 1. 
2. 
~: 5. 
6. 
7. 
8. 
9· 
10. 
backbones 
head, thorax, abdomen 
feelers 
touching 
six 
breathing 
sizes or shapes 
stages 
ants 
part 
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Abdomen: 
Ameba:: 
Amphibian:: 
Anteater: 
Antennae: 
Aquarium: 
Beebread: 
Beetle: 
Bird: 
Chrysalis:: 
Cocoon: 
Cold-blooded 
animal: 
Constant 
tempera-
tured 
animal: 
Coral: 
GLOSSARY 
The third section of an insect's body. 
A kind of single-celled animal. 
A group of animals which have backbones and 
which get air from the water during the first 
part of their lives. Later these animals have 
lungs and get air as we do. 
A four-footed mammal that eats ants. It has a 
long, sticky tongue that reaches into anthills. 
The feelers on the head of an insect. 
Container for keeping live water plants and 
animals. 
Food made by older bees for the young bees be-
fore they are able to fly and get their own 
food. It is made of pollen and nectar. 
An insect which has four wings. The outside 
pair of wings make a stiff covering for the 
body when the wings are folded. Ex. ladybirds. 
A warm-blooded animal that has feathers and 
wings. They have lungs and breathe air. 
The resting stage of a caterpillar before it 
becomes a butterfly. 
The silky shell or case, spun by the cater-
pillars of some insects, especially moths. 
Moths spend the third or resting stage of their 
lives in a cocoon. 
An animal whose blood is the same temperature 
as the air or the water around the animal. 
An animal whose blood remains about the same 
temperature all the time. A warm-blooded 
animal is a constant-temperatured animal. 
A small sea animal which builds a hard skeleton 
around its soft body. 
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Coral 
polyp: 
Crossbreed: 
Dinosaur:-
Domesti-
cated: 
Drone: 
Emoryo: 
Extinct: 
Feelers:-
Female: 
Fish: 
Fish 
hatchery: 
Fossil: 
Gill: 
Herd:: 
Hibernate:· 
Insect: 
Inverte-
brate:. 
Larva: 
A very small, sort, sea animal which builds a 
hard covering or limestone around itselr. 
Millions or these skeletons rorm coral islands. 
To produce young rrom a remale or one type or 
plant or animal and a male or another type or 
plant or animal. 
Any or a group or reptiles which lived on the 
earth millions or years ago. Dinosaur means 
terrible lizard. 
Tamed horses, cows, dogs, and cats are domesti-
cated animals. 
A male bee. 
Young animal not yet born. 
To have died out. Dinosaurs are extinct 
animals. 
The organs or touch or some animals. Feelers 
of insects stick out from their heads. 
A mother plant or animal. 
An animal that lives in water, oreathes through 
gills, has fins, and is covered with scales. 
A place where fish eggs are hatched and rish 
are grown until they are large enough ror use 
in stocking streams. 
Print of an ancient living thing found in the 
earth. 
Part of the body of a water animal which takes 
oxygen rrom the water. 
A group of animals. 
To rest in a sleeplike state through the winter. 
Small, six-legged animal with three main 
divisions in its body. 
An animal without a backbone. 
The worm-like form in which certain insects 
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Lizard: 
Lung: 
Mackerel: 
Male:: 
Mammal: 
Mastodon:-
Mature: 
Migration: 
Mold: 
Nectar: 
Nymph: 
Plankton: 
Pollen: 
Pupa: 
Q,ueen Bee: 
Reptile: 
Rodent: 
hatch from the egg and in which they remain 
until they form a chrysalis or cocoon. A 
caterpillar is a larva. 
A kind of reptile. Ex. horned toads. 
The part of people and of many animals that 
takes oxygen from the air as they breathe. 
A food fish found in the North Atlantic ocean. 
It grows to be about eighteen inches long. 
A father animal or plant. 
A warm-blooded animal that has fur or hair. 
They have lungs and breathe air. The babies 
are fed milk from the mother. 
An extinct animal which looked something like 
an elephant. 
To become full grown. 
Moving from one place to another. Birds mi-
grate in spring and fall. 
A small plant which grows on decaying plant or 
animal material. 
A sweet liquid produced in the flower of a 
plant. 
A stage in the lives of certain animals, such 
as grasshoppers. Nymphs are not full-grown 
animals. 
The tiny, living plants and animals that float 
on or near the surface of water. Many water 
animals feed on plankton. 
The yellow dust found in the flowers of plants. 
The resting stage in an insect 1 s life. The 
cocoon is the pupa stage. 
A female, or mother bee. 
Scaly, cold-blooded animal which breathes air. 
A gnawing animal with long, sharp, front teeth. 
Squirrels, mice and beavers are rodents. 
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Salamander: An amphibian that looks something like a lizard. 
Salmon: A large:t food fish found in both the Atlantic 
and Pacific oceans. 
Sanctuary~ A place set aside for animals, in which they 
cannot be harmed by man. 
Scales: Thin, flat pieces of' material that fit over one 
another to form the covering of' most reptiles 
and fishes. 
Sea Anemone: A small water animal that looks more like a 
plant than an animal. 
Shad: A food fish, living along the Atlantic coast 
of' North America. 
Skeleton: The hard part of' the body of' a living thing. 
Spider: An animal having eight legs. 
Spore: Cell, which can grow into a new animal. 
Spine: Backbone of' a vertebrate animal. 
Squid: A sea animal with ten arms and a long body. 
Starfish: 
Tadpole:-
Terrarium: 
Thorax: 
Variable-
temperatured 
animal: 
Vertebrate: 
A spiny-skinned, many armed, sea animal. Most 
have five arms. 
Young, partly developed frog or toad. 
A tank or glass dish in which living plants and 
animals are kept. 
Middle section of' an insect's body. 
An animal whose blood changes temperature with 
its surroundings. 
An animal with a backbone made of' hollow bones. 
Veterinarian: Doctor who treats sick animals. 
Warm-blooded 
animal: 
Worker bee: 
An animal whose body temperature stays warm even 
in cold weather. You are a warm-blooded animal. 
One of' the bees that do the work in a hive. 
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MANY KINDS OF WEATHER 
There are many.different·kinds of weather--warm, cold, 
rainy, snowy, windy, cloudy. In another part of your state 
or country, in another part of the world, people are having 
different kinds of weather. 
Where you are right now the weather may be clear and 
sunny, while in other parts of the world rain may be falling, 
it may be snowing, hailing, or sleeting. 
How can all these kinds of weather happen at once? 
Heat and Sunlight. If you touch anything that has been 
under the sun for some time, it is hot e Have you ever walked 
on the sand while you were at the beach in the summer time?· 
If you have, no doubt your feet felt very hot~ Why? The sun 
heated the sand. 
The sun heats everything it shines on--land., water, 
air, plants, people. It provides heat for all the weather of 
the world. 
The earth is a huge ball that turns in the sunlight. 
When each part of it turns into the sunlight, it becomes day-
time in that part. 
As each part of the earth turns away from the sun's 
rays into darkness, it becomes nighttime. The stars, and some-
times the moon, give light in the nighttime. 
The earth is turning, or rotating, all the time--into 
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sunlight and daytime, into darkness and nighttime. 
As your part o~ the earth turns into sunlight, every-
thing is warmed. The sun warms the water and air, all the 
things around you, and even you yoursel~. 
When your part of the earth turns away from the sun-
light and into the darkness, nighttime comes and everything 
becomes cool. 
Take a globe and a flashlight and see how day and night 
~ollow each other. Find your part of the earth on the globe. 
Watch what happens as you turn the globe slowly. 
Cool and Warm Sunny Days. Even though it is daytime 
every day, the weather is not the same. A bright, sunny, 
·" 
winter day is cooler than a bri.ght, sunny, summer day. The 
same sun is shining. The dif~erence is that more sunlight 
makes more heat. 
Experiment 
Fill two saucers with water. 
Put one in the sunlight ~or ten minutes. 
Then put the other saucer beside it. Leave both 
saucers in the sunlight ~or one more minute. 
One saucer has been in the sun ~or eleven minutes, and 
the other one has been in the sun ~or one minute. 
Put your hands in the water in both saucers. Which 
is warmer? 
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Use a thermometer and do the same experiment. 
The water that had the sun for eleven minutes is warmer 
than the water that was in the sun for one minute. The dif-
ference is that it had more time in the sunlight. 
Time in the sunlight makes a big difference in the type 
of weather you will have. 
On a summer day the sun is shining for many hours. If 
you look outside your window early on a summer day, you will 
see that the sun has been shining already and is war.ming 
everything it touches. 
In the United States the sun shines for fourteen to 
sixteen hours on a summer day. It shines on you and every-
thing around you. Things can become very warm in that many 
hours of bright sunlight. 
On winter days the sun doesn 1 t shine for as many hours. 
It rises later in the morning and sets earlier at night. The 
sun shines for about nine hours in the United States. Because 
there are fewer hours of sunlight, there is less time to warm 
everything. 
It takes lots of su~light to make the weather hot. 
Usually we have cooler weather when there is less sunlight. 
That is one of the reasons we have so many different kinds of 
weather. 
Cloudy and Cool. When there are many clouds in the sky, 
there is cooler weather. You know the sun is sti.ll in the sky, 
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but it is covered up by the clouds. How does this cause a 
change in the weather? 
You can find out with a book and a sheet of black 
paper. 
Experiment 
After you have folded the paper, put it in the sun-
light on a book that has been in the shade. Leave it in the 
sunlight for five minutes. Take the black paper off the book. 
Which half of the book is cooler? You may do the same experi-
ment with a thermometer. The coolest part is the one that has 
been shaded, because the sunlight was blocked off. 
The same thing happens when clouds block off part of 
the sunlight. The land does not get as much heat as it does 
on a sunny day. 
A cloudy day is usually not as warm as a sunny day. 
Cooler Near the Water. Do you like to go swimming on 
a hot, summer day? The water is cool and pleasant, isn't it? 
Even if you don't go swimming, you feel much cooler, because 
you are near the water. 
Air near the water usually is cooler than air away 
from the water. The same sun shining on the beach is shining 
on the land away from the water. However, the air near the 
water is cooler. Air over the water is cooler than air over 
the hot land. Why does this happen? Maybe it is because 
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water does not heat up as quickly as land. Let's rind outt 
Experiment 
Use two dishes, one marked land and one marked water. 
Put some soil in the dish marked land and water in the dish 
marked water. Make sure the water is as warm as the soil. 
Leave both dishes in a sunny place for ten minutes. Which one 
is warmer now? You can find out by using a thermometer. Ts 
the soil warmer than the water?. 
Soil and most other materials heat up much more quickly 
than water. 
Water stays,cool and helps to keep the air cool, too. 
Some of this air, which is cooled by the water, moves over 
the land nearby. 
The Beach at Night. In the experiment you discovered 
that land heats up more quickly than water when the sun is 
shining. That is why the sand at the beach may be too hot 
for your bare feet, while at the very same time, the water 
is very cool. What happens at night when the sun is no longer 
shining?. 
Everything begins to cool off when nighttime comes. 
Which do you think cools off faster--land or water? You can 
find out by using the materials from the last experiment. 
Experiment 
Put both dishes in a warm, shady place until the soil 
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and water are at the same temperature. You can use a thermom-
eter to be sure they have the same temperature. 
Put both dishes in a refrigerator for fifteen minutes. 
Then take them out of the refrigerator after fifteen minutes. 
Which is cooler--the land or the water? Use a thermometer to 
test the temperature of each. 
Did you discover that the soil was cooler than the 
water?· Soil, sand, pebbles, and most other things cool off 
more quickly than water. At night when the sun goes down, 
a sandy or pebbly beach cools off quickly. The water only 
gets a little cooler. 
Have you ever gone to the beach on a summer night? 
Have you ever gone wading on such a night? If you have, the 
chances are you were quite surprised to find that the water 
was warmer than you had expected. 
After the sun had set, the water had only cooled a 
little, while the sand, pebbles, and rocks had become much 
cooler than they were while the sun was shining. 
How Heat and Air Make the Weather. Do you know the 
-----------
meaning of the word wind? Wind is moving air, whether it is 
a gentle breeze or a fierce gale. Why does the air move? 
The sun makes the air move. The sun makes all the 
winds of the earth. Would you like to know how this happens? 
You have already learned that the sun heats the land 
and the water. It also heats the air. 
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When this happens, something happens to the air. You 
can :find out how this happens. 
Experiment 
Have ready a hot plate, a small pan, a balloon, and 
a baby's bottle. Be sure the bottle is made o:f gl~ss that 
doesn't break when heated. 
Put the balloon over the opening o:f the bottle. 
Put some water in the pan, then put the bottle in the 
pan and place it on the hot plate. 
When the water becomes hot, it will heat both the 
bottle and the air inside it. What happens a:fter the air is 
heated? The air rises into the balloon and :fills it out. 
Air spreads or expands, when heated. In your experiment this 
is what happened--the air expanded into the balloon. 
Air expands when it is heated. Some o:f the heated air 
:flows out o:f the bottle. After this happens there is less 
air in the bottle than there was be:fore. 
A bottle that is :filled with warm air is lighter than 
a bottle :filled with cold air. That is true because warm 
air is lighter than cold air. 
You have learned that land gets warmer than water on 
a sunny day. At the same time the air over the land becomes 
warmer than the air over the water. The air over the land 
is not only warmer but lighter than the air over the water. 
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What happens when warm, light air meets cool, ke~vy 
air? 
Experiment 
Take two blackboard erasers and a lamp with a large 
b~lb. Light the bulb and let it get hot. This will warm 
the air near the bulb. When the air is warmed, it ei_Fi·~~s 
and bee0mes lighter. 
The air near the bulb is warm and ;11ight, while the 
air ~arther away is cooler and heavier. 
Something happens when the two airs meet. 0lap the 
eraser·s <l>ver the 1Da1b to· mr:tke chalk dust in the air. Tke 
warm•, light air carries the chalk dust up. The cool, iJae!3-vy . 
air pushes. up the warm, light air over the blll.lb-. ., ' 
. ' You litave learned in· the las-t _eX])eri!rileJ$-t 
.. ·. ~, ... ·~"'"- -·~---~ ·-··:~· 
that c·old air alw~ys pushes U]> warm air. · TP,is ea.-D.. ·hap£)_~~ ·:rn 
your· own hom-e. .!. radiater heats the air near it.-
" air. becoines. lighter and expands. The cool, heavy air that; is 
~· .J . • ,.. ,. ~ 
still in the room .flows toward the warm air S:!itd'].;nislaes it• ~p-... 
As so0n as the cool air comes near the radiator, i_-&; 
i. '. 
is heated, expands, and is pushed up. This happens again ~8;:raa 
again aad again. The air keeps .flowing around the room. The 
moving air in the room is like a small wind. 
Another way to make a wind in the room is to 0pen a 
window at the top and at the bottom. When you do that, cola, 

fresh air from outside comes into the room through the bottom 
of the window. This pushes up the warm, stale air in the room. 
The warm air is pushed out the top of the window. 
Pr0ve it for yourself. 
Experiment 
Shut the doors in the room you are now in. Open a 
window a few inches from the top and a few inches from the 
bottom. Now take a strip of thin paper and tape it to a · 
pole. Hold it at the top of. the open window. In which di-
rection does it blow? 
Now hold the paper at the bottom of the window. In 
what direction does it blow now? 
Why is this such a good way to air a room? 
Big and Little Winds. Winds are made when cool air 
meets warm air. On a sunny day at the beach, cool air over 
the water flows in toward land. The warm air is pushed up 
and out of the way. A cool wind, called a sea breeze, blows 
across the warm land. 
At night breezes blow in the opposite direction. A 
short time ago you learned that land cools off more quickly 
than water. The air over the land becomes cooler at night. 
The air over the water does not cool off as quickly. The cool 
air over the land blows over the water and pushes up the warm 
air. This kind of wind is called a land breeze. 
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Over land and water there are many winds or dirrerent 
sizes. A breeze is gentle when the cool air is just a little 
cooler than the nearby warm air. The wind is strong when 
there is a great difrerence between the warm and cool air. 
As you learned earlier the sun causes all the winds. 
If there were no sun, the air would not have any heat. In 
some places the air gets more heat than the air in other 
places. That is why we have gentle breezes and strong winds. 
There are instruments to help us measure the speed 
and direction or winds. A weather or wind vane shows the 
direction or the wind. An anemometer tells us the speed or 
velocity of the wind. Here is a scale .of the dirferent kinds 
of wind. It will help you decide the speed of the wind with-
out the use of any instruments. 
What to Notice MPH Kind or Wind 
--
o. Smoke goes straight up. Less than 1 Calm 
1. Smoke bends just a 
little; wind vanes do 
not move. 1 - 3 Slight 
2. Leaves rustle; wind 
vanes turn. 4- 7 Light breeze 
3. Leaves in constant 
motion. 8 
- 12 Gentle breeze 
4. Dust rises; small branches 
move. 13 
- 18 Moderate wind 
5. Small trees sway. 19 - 24 Fresh wind 
6. Large branches move; 
umbrellas are hard to 
hold, telephone wires 
whistle. 25 - 31 Strong wind 
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What to Notice 
7. Whole trees move; it is 
difficult to walk 
against the wind. 
8. Twigs break off trees. 
9· Branches break off 
trees; chimneys and 
roofs are damaged. 
10. Trees are uprooted; 
windows are broken. 
11. Damage is ~idespread. 
12. General destruction; 
lives may be lost. 
32 - 38 
39 - 46 
47 - 54-
55 - 63 
64- - 75 
Above 75 
High wind 
Gale 
Strong gale 
Whole gale 
Storm 
Hurricanes 
Water in the Weather. The following words have some-
thing to do with water in the weather--rain, fog, snow, hail, 
sleet, mist, clouds, dew, and frost. Why does water fall 
sometimes as rain, other times as snow, and at other times 
as hail? How did the water make clouds? 
Where Is the Water? When you wash your clothes, they 
dry. After a rainstorm, puddles dry up, the street dries up, 
and the ground dries. Where did the water go? 
Experiment 
You will need two glass jars with tops. Pour a quarter 
of an inch of water into one of the jars. Make sure you don't 
wet the sides. 
Cover the jars and put them in the sunlight. Leave 
them there for about a half hour. 
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Soon you will see a misty.film of water on the sides of 
the jar in which you poured the water. Do you see a film of 
water on the other jar? 
The water in the first jar evaporated into the air of' 
the jar. It became what is called water vapor. The water 
vapor formed drops of water on the sides and tops of the 
first jar. 
When this happens we say water condenses. 
Q2, Qg, Q£. Water cannot be seen evaporating, because 
it rises in tiny particl~s. These particles are water but are 
so tiny that they cannot be seen. These tiny particles are 
called molecules. A molecule is the smallest part of a. sub-
stance. 
Evaporation goes on everywhere, all the time, in the 
world. Water, with the help of heat from the sun, evaporates 
from oceans, rivers, puddles, damp leaves, and damp clothes. 
The molecules of water rise up into the sun-warmed air. 
~' Down, ~· There is an old saying: nWha.t goes 
up must come down.n All the molecules of water vapor that 
rise into the ain don't stay there permanently. They can come 
down in many ways and in many sizes and shapes. 
Experiment 
Take a jar and put some ice cubes and water into it. 
Cover the jar and leave it alone for a while. Before long 
• 
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there will be a misty f'ilm of water on the outside of the jar. 
Water vapor in the air near the jar f'ormed these drops on the 
outside of' the jar. When water vapor cools, it collects into 
little drops. These drops join and make bigger drops which 
soon fall down the sides of' the jar. 
Clouds. In the outside air of' the world, water vapor 
can be cooled by air which is cooled. Molecules of water 
vapor, too small to be seen separately, collect into larger 
drops which can be seen. 
Clouds are made of' drops of water vapor high in the 
sky. You cannot see each drop of' water vapor in the cloud, 
because you are too f'ar away. However, you can look up in 
the sky and see the whole cloud. 
Clouds are held up by air currents. Air is moving 
through the clouds .from the bottom to the top all the time • 
. - -· 
You can make clouds yourself'. Just breathe out on a cold 
day. You will see a small cloud f'orm. Heat a kettle until 
it steams; then a cloud will appear. 
If' you were up in an airplane and flew through a cloud, 
you could see drops of water on the windows. They would run 
down just as they do on a jar. 
Fog. Fog is a cloud which f'orms near the ground. 
When there is f'og .everything looks wet. Your .face and hands 
feel wet, and there are drops of' water on windowpanes of' 
houses and cars. 
211 
0 
f. 
' . 
'. \ 
\ 
212 
Usually fog forms near a large body of water when the 
water is warmer than the land. The warm, moist air moves in-
land. As it moves over the cold land, the air is cooled. 
The moisture in the air condenses and forms a fog. 
Dew. Dew is made of drops of water which collect on 
cool ground. In the spring and summer you see dew early in 
the morning on grass, trees and bushes, and cars. 
During the night the grass cools off quickly. The air 
near the ground touches the grass and cools off quickly, too. 
The water vapor in the air condenses into droplets on low ob-
jects. If this happens when the temperature is below freez-
ing, the water vapor comes out in the form of ice crystals 
and is called frost. 
Rain. Some days the sky is full of clouds and the air 
is damp. Rain is made of drops of water that keep collecting 
and getting bigger and bigger. When these drops become too 
heavy to stay up in the air, they come down as raindrops. 
You could not see or feel the water going up as vapor, but 
you can certainly see and feel it come splashing down. 
It is difficult to measure the size of raindrops ac-
curately. Here is what you can do to get some idea of their 
size. 
First measure the width of an eyedropper with a ruler. 
This will tell you the size of the drops that fall from it. 
Cover the bottom of a pan with flour. Hold the eyedropper 
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above the pan and squeeze a row or drops onto one side of it. 
Cover the row or doughballs that form with aluminum foil. 
Now place the pan outside and let raindrops fall on the flour 
of the other side of the pan. Compare the size of doughballs 
formed by the rain with the size of the doughballs formed 
by the eyedropper. 
Sleet. When raindrops fall through a layer of cold 
air, they freeze into clear beads of ice. This frozen rain 
eomes down as sleet. You can hear it as it falls on the 
ground, on window panes, on sidewalks, on cars. Drops of 
sleet are like tiny ice cubes. 
Glaze. Glaze is rain that freezes immediately after 
falling. It is caused by a storm called an ice storm. Glaze 
often causes extensive damage to trees and electric wires, 
because the weight of ice is so great, especially when it 
forms a thick coating on the branches of trees and wires. 
Sometimes the glaze is two inches thick. When this happens, 
branches break and wires are pulled down. 
Hail. Sometimes the icy beads of sleet are blown back 
into the clouds by a strong Wind. Each drop of sleet is 
covered by a layer of water when this happens. The drops of 
sleet fall through cold air again and the new layer of water 
freezes. Sometimes the drops are blown back again and again. 
Each time new layers of ice form. When they are too 
• 
215 

heavy to be carried up by the wind into the cloud, they fall 
to the ground. These drops of water, with layers and layers 
of ice, are called hail. 
Hailstones fall with a bang and clatter. They can be 
very dangerous when they are large. The farmer, especially, 
fears hailstones, because they can kill small animals and 
damage his crops. 
Snow. There is water vapor around the tiny drops of 
water which make up a cloud. As the cloud becomes very cold, 
the water vapor comes together very quickly and freezes into 
snowflakes. 
Snowflakes have many beautiful shapes. No two snow-
flakes are ever exactly alike. Yet all of them have six 
points or sides. A tiny snowflake may be made of just one 
crystal. A large snowflake may be made of several crystals. 
If you've never seen real snowflakes, all you have to 
do is look in your refrigerator. If you look closely at the 
side of the container that holds the ice cubes, you will see 
many snowflakes piled together. They were formed when the 
water vapor became frozen. When this happens in your re-
frigerator or on a pane of glass, it is. c.alled frost. When 
this happens.in a cloud, it is called snow. 
WHA.T WILL THE WEA, THER BE? 
Weather is important to everyone. It is important to 
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a pilot, because it affects the kind of trip he will have. 
His flight may have to be cancelled if weather cqnditions are 
poor. If the sky is clear and a good wind is blowing in the 
right direction, he will have a good, speedy trip. 
Weather is important to the farmer also. If the right 
amount of rain falls in the spring, his crops will be off to 
a good start. But if, instead, there is a frost, his crops 
can be damaged overnight. 
Weather is important to you too. It makes a difference 
in what you do, how you dress, and where you go. 
Weather is important to everyone t For thousands of 
years people have wondered about the weather. They have 
learned to fo~ecast the weather by looking at the sky and by 
knowing the wind's speed and direction. 
The Weather Bureau. Forecasting the weather is so 
important to everyone that our government has a department 
called the United States Weather Bureau. There are hundreds 
and hundreds of weather stations in our country. They send 
reports to the weather bureau. Ships and planes also send 
reports. The Bureau can make weather forecasts with informa-
tion received from these reports and the many instruments. 
These reports are then given to anyone who needs them--news-
papers, radio and television stations, airports, and railroads. 
You can make your own weather forecasts. The more 
forecasts you make, the more you will improve as a forecaster. 
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Weather Forecasts and the Cloud Parade. You can fore-
east weather by looking at the clouds. There are many dif-
ferent kinds of clouds to watch for. 
A thunderhead is a kind of cloud that may be seen on a 
summer afternoon. It is a tall, towering cloud and is usu-
ally flat at the bottom. As it comes nearer and nearer, it 
gets darker. Usually a thunderhead brings a heavy rain that 
will not last long. 
Cirrus clouds are delicate, white, and wispy. They 
look like bright, white plumes or curls against a blue sky. 
They are very high in the sky, usually four miles or more 
above the earth. They are in very cold air way up there and 
are made up of ice crystals~ If they come after several days 
of fair weather, theyusually mean that a change in the 
weather is due. 
Cirrus clouds are ~ollowed by stratus clouds. They 
are low, thin, and grayish-white. They cover the whole sky. 
When you see stratus clouds you know that rain or snow is 
coming. 
A nimbus cloud often .follows the stratus cloud. It is 
dark and low and also brings rain or snow. 
When you. see a cumulus cloud, you know the weather 
will be fair again. Cumulus clouds are often called llfair 
weather clouds." They are fluffy, .fat, and white. Sometimes 
they turn into storm clouds. This happens when they rise to 
a he.ight of three or four miles in the sky. 
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Now you know the order of the cloud parade--cirrus, 
stratus, nimbus, and cumulus. Keep a record of clouds and 
see if that is correct. 
You already have learned that clouds are made of water 
droplets or ice crystals. Dust is another important element 
in the make-up of clouds and fog, which is a cloud formed 
near the ground. There are many sources for the dust par-
ticles in the air--soil, chimney soot, smoke from fires, 
grains of pollen, and so forth. 
Have you ever wondered why some clouds are dark and 
some thunderclouds are almost black?· The reason is that they 
have miles of thickness and that when you look up at them, 
you only see their bottoms. Some clouds are so thick that 
the sun can 1 t possibly light them up, and so they look very 
dark or almost black. To understand this better take a piece 
of cellophane paper and look at a light through it. You can 
see the light, because the cellophane paper is so thin. Now 
fold it over and over again on itself about ten or twelve 
times. Now hold it up to the light and it looks black. 
Thick clouds are rain clouds. 
Weather Forecasting and the Wind. Many people keep 
track of the weather by observing the wind's speed and direc-
tion. The speed of the wind tells you the speed of the change 
in the weather. The direction tells what kind of change there 
will be in the weather. 
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A north wind, coming from the north, brings cooler 
weather. A south wind, coming from the south, brings warmer 
weather. 
The speed and direction of the wind are not as easy to 
see as the cloud parade. You will need some instruments to 
measure the speed and direction of the wind. 
A wind vane, or weather vane, tells us the direction 
of the wind. Here are the directions for making one. 
Wind Vane. Make sure youlave a wire coat hanger, a 
medicine dropper, an empty milk carton, and some staples. 
Straighten out the coat hanger and cut off the crooked 
ends with some pliers. Bend the coat hanger into the shape 
in the plcture (following page). Heat the tip of the medicine 
dropper over a.flame until the tip melts and closes. Let it 
cool on a plate. Then take off.the.rubb.er top. Holding the 
carton the long way, cut of:f. a corner strip two inches wide 
on each side. Cut the strip in the shape of an arrow. Put 
the glass par.t of .the dropper through the middle of the long 
part of the arrow and.staple the ends. 
Now put the medicine dropper on the wire bracket and 
attach your instrument to a post. Make sure your post is in 
an open place. 
On your chart where you keep a record of the cloud 
parade, you can now record the direction of the wind. 
Another important weather instrument.is an anemometer. 
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This instrument measures the speed of the wind. You can make 
an anemometer if you wish. 
Anemometer. Get another coat hanger and do the same 
thing with it that you did to the other one. Get two strips 
of thin wood and put a hole through the middle of each. Cross 
the strips of wood and put them on a medicine dropper. Attach 
the dropper to the wire bracket. Put paper cups on the ends 
of the strips of wood. You may paint one with a bright color. 
You can get a fair idea of the speed of the wind if 
you count the number of t~rns the anemometer makes in thirty 
seconds. Divide that number by five. If the anemometer turns 
twenty times in thirty seconds, the wind is blowing at about 
four miles an hour. 
What is the speed of the wind if the anemometer turns 
thirty times, forty times, fifty times? 
A weather station is a very interesting place to visit, 
especially if you understand the instruments. You can find 
out how the instruments work and what they measure by making 
instruments of your own. They won 1 t be as durable or accurate 
as the ones at the weather station, but they are simpler to 
construct. 
Every weather station has an outdoor weather vane and 
anemometer. The weather man can read them inside the station, 
because they are connected to dials inside the office by 
electric wires. 
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Weather vanes have been used for many years to show the 
direction from which wind is blowing. In days gone by the 
weather vane was made in the shape of a rooster. The modern 
weather vane has an arrow for a head and a wide tail to catch 
the wind. The arrow points in the direction from which the 
wind is coming. 
The modern ane~ometer is made of four metal cups which 
catch the wind and are turned by it. The stronger the wind, 
the more quickly the cups turn. Some anemometers are con-
nected by wires to a buzzer inside the weather station. The 
number or buzzes heard per minute tells the weather man how 
many miles per hour the wind is blowing. 
Barometers and How They Work. A barometer tells how 
heavily the air is pressing. Air bringing rain or snow presses 
less than air bringing dry weather. When the barometer shows 
that the air is pressing more heavily, we expect dry weather. 
When the air is pressing less heavily, we expect moist weather. 
The most common types of barometers are the aneroid 
barometer and the mercury barometer. There is a small, round 
metal box inside the aneroid barometer. Most of the air has 
been removed from the box. Any slight change in air pressure 
changes the shape of the box. Each change is recorded by a 
pointer on the dial of the barometer. 
Most aneroid barometers have a second pointer that is 
set above the recording pointer each time the air pressure 
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is measured. In this way the recorder can determine whether 
the air pressure is rising or falling without keeping a writ-
ten record. Knowing the amount of change in air pressure is 
helpful in predicting changes in the weather. 
The mercury barometer is a long glass tube with the top 
end closed and the other end in a bottle of mercury. The mer-
e~ is pushed higher in the tube when weather is clearing, 
and the air pressure is becoming greater. When the air pres-
sure is getting lighter and the air is becoming moister, the 
mercury moves down in the tube. A scale at the side of the 
barometer tells us the height of' the mercury. 
Building a. Barometer. You can build your own barometer 
without using mercury. It wont t be as ac.curate as the barom-
eter at the weather station, but it is cheaper and easier to 
construct. It really worksl 
Be. sure you have a large bottle, a rubber stopper with 
a hole, and a glass tube that is at least six inches longer 
than the bottle. 
Color some water with ink or crepe paper, then pour the 
water into the bottle until it is about an inch high. Place 
the tube through the stopper and into the bottle. Put the 
lower end of the tube a half inch below the topc-:oof the water. 
Make sure the stopper is pressed in firmly. 
Blow some air into the tube. Some water will rise 
about halfway into the tube. Blow some more bubbles until 
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the water is two inches above the stopper. 
Make a five inch line on a white card and mark off' 
quarter inches. Number from zero to twenty. Slip the card 
over the tube and it is all ready to work for you. 
This barometer seems upside down, because we read the 
water in the tube·, not the water in the bottle. 
When the temperature changes suddenly, the air inside 
the bottle will either expand or contract. That is one reason 
why you should keep your barometer in a part of' the room where 
the temperature is even. Measure the air pressure at the 
same time each day. 
Another kind of' barometer is the ~eakettle, or Cape 
Cod, barometer. It works just like your barometer does. 
You can make another, smaller barometer with a medicine 
bottle that has a dropper cap--such as a bottle that holds eye 
drops. Pour colored water into the bottle until it is one-
half' an inch high. Cut off' the top of the rubber cap and 
screw it on tightly. Add some water through the top until 
the water in the tube is an inch higher than the water in the 
bottle. Mark a small strip o:f paper as .shown in the picture 
and paste·it to the bottle. You can now use your new barom-
eter to measure air pressure. 
Measuring the Moisture of the Air. Humidity is the 
name used :for moisture in the air. Knowing how much moisture 
there is in the air will help us in our weather predictions. 
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When very humid air becomes cool, the moisture condenses and 
makes raindrops. When the moisture or humidity in the air 
increases, it usually means that rain is coming. 
The weatherman has a special instrument to find out how 
much more moisture the air can hold. This instrument is made 
of two thermometers. The bulb of one thermometer is covered 
by a piece of wet cloth and the bulb of the other thermometer 
is uncovered. When the air is saturated, water will not 
evaporate from the cloth. As a result both thermometers show 
the same temperature. Water evaporates from the cloth when 
the air is not saturated. This cools the wet-bulb thermom-
eter and causes it to show a lower temperature than the dry-
bulb thermometer. If the air can hold a lot of moisture, the 
water evaporates quickly, and the two thermometers show a big 
difference in temperature. The amount of difference shows 
the relative humidity. Relative humidity is the difference 
between the amount of moisture the air could hold without 
changing temperature and the amount of moisture that is actu-
ally in the air. 
Air that is saturated has a relative humidity of 100 
per cent. If the air has one-half the amount of moisture it 
can hold, the relative humidity is 50 per cent. 
The forecaster notices the difference between the two 
thermometer readings. After that he checks a table which tells 
him the relative humidity. When it is low, the weather will 
be clear and cloudless. If it is high and the temperature 
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drops, clouds and rain or snow may come. 
You can make your own wet and dry bulb thermometers. 
When making the wet-bulb thermometer, cut the tips o~~ a white 
cotton shoe lace. Then boil the shoelace to remove impurities. 
Put one end over the bulb o~ one thermometer and the other end 
in a small bottle of water. Mount both thermometers side by 
side and put them outside. 
A hygrometer is another instrument used to measure 
humidity in the air. There are many dif~erent kinds o~ 
hygrometers. One very interesting kind is made with human 
hair. When there is much moisture in the air, the hair be-
comes longer. As the hair dries, it becomes shorter. The 
change in the size of the hair makes a pointer move on a dial. 
You can make your own hair hygrometer with a clean milk 
carton, a nickel, a needle, a brown straw, a paper clip, 
scotch tape, a card, four thumbtacks, and a long piece of hair. 
Cut a long H at one end of the carton. Bend back 
both tabs and make a hole in each tab with your needle. Keep 
moving the needle in the holes until it moves freely. 
Wash and rinse the hair and let it dry. In the mean-
time, take a piece of broom straw that is three inches long. 
Put one end of the straw through the needle 1 s eye. This 
makes a pointer ~or the dial. You can fasten the straw to 
the needle with nail polish. Make a card like the one in the 
picture. Fasten it to the side of the carton with thumbtacks. 
Make a little slit at the other end of the carton. Put the 
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paper clip halfway into the slit. Make it secure inside the 
carton with a piece of scotch tape. Fasten one end of the 
hair to the nickel using nail polish. Place the needle-and-
straw pointer in the proper place. Now put the loose end of 
hair under and around the needle and fasten it to the paper 
clip with nail polish. After this has dried, let the nickel 
hang inside the box, through the slot that you made before. 
This will hold the hair tight. 
Now you are all finished making your hygrometer. When 
the air is damp the hair will become longer and make the needle 
turn. The turning of the needle will cause the straw pointer 
to turn toward the higher numbers of the card. The opposite 
happens in dry weather. The hair will become shorter, the 
needle will turn, and the pointer will move toward the lower 
numbers. 
When you set your hygrometer, put it in a basin with a 
damp sponge nearby. Cover it with a damp towel. After ten 
minutes remove the towel and set the pointer at ten. 
Now put the hygrometer in a safe place. It will tell 
the moisture of the air around it. If you want to use it in 
your weather bureau, put it in a safe place outdoors. 
You can make another type of hygrometer. This one 
changes color as the humidity increas.es or decreases. When 
the air is dry, it is blue; as the humidity increases, the 
color slowly changes from blue to pink. Would you like to 
make this kind of hygrometer? If so, get a basin, several 
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pieces of unglazed white paper and several spoonfuls of cobalt 
chloride crystals. Don't get the chloride crystals near your 
eyes. If any get on your hands wash them right away. 
Put the crystals in the basin, add some warm water~ 
and stir.~~Add a little more water at a time, until all the 
crystals are dis~olved. Now put the paper in the mixture. 
When it is thoroughly soaked, take it out of the basin, drain 
it off, and let it dry on waxed paper. Do this to all the 
papers until there is no more solution left. 
When the papers have dried, cut them into patterns, 
such as sails, flowers, and other shapes. Mount them on stiff 
paper. Watch them every day and see how the humidity changes. 
Thermometer. An ordinary thermometer may be used to 
measure the temperature out-of-doors. Be sure you put it in 
a shady place, so that the readings will be of air, not sun-
light. 
Rain Gauge. A rain gauge is used to keep a record of 
past weather. It measures the amount of rain that has fallen 
over a certain period of time. A jar with straight sides may 
be used to make a rain gauge. Leave it· in an open place until 
after a rainstorm. Then put a ruler in the jar and measure 
the rainfall in inches. 
You will soon notice that most rainfalls are less than 
an inch. It is difficult to measure a light rainfall which 
may only amount to one-tenth of an inch. Here is a way to 
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make a more accurate rain gauge. You will need a large jar or 
can, a small jar, a ruler, and a card. Both jars should have 
straight sides. Now fill the large jar with an inch or water. 
Pour the water into the small jar. Now put the card beside 
the jar. Make a mark at the top. Divide the space between 
marks into ten equal parts. The next time it rains leave the 
large jar outdoors in an open place. After the rain stops 
pour the water from the large jar into the small jar. Rain-
fall is measured by seeing what mark the water reaches. Each 
small line represents one-tenth or an inch or rain. 
]E in the Air with the Weather Bureau. In your home-
made weather station you now have a weather or wind vane, a 
barometer, an anemometer, a hygrometer, a thermometer, and a 
rain gauge. These instruments tell you what you want to know 
about weather near the ground. To make more accurate weather 
forecasts, conditions high up in the air should also be known. 
A weather bureau has three instruments to tell about condi-
tions high up in the air. 
One or these instruments is a balloon filled with hydro-
gen or helium gas. It measures the speed and direction or the 
wind high up in the air. The balloon, when released, goes 
high in the air and is blown by the winds in one direction 
after another. Down below a weather man watches the balloon 
through a telescope. An instrument attached to the telescope 
tells the man the speed and direction or the wind at each air 
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level. 
A radiosonde is carried into the upper air by a balloon. 
The radiosonde is a lunch-box-::sized box. Inside this box are 
a barometer~ a hygrometer, and a thermometer. These tiny in-
struments are connected to a tiny radio transmitting machine. 
They measure the air pressure, humidity, and temperature o~ 
the upper air. The i~ormation is automatically transmitted 
and received by a radio-receiving machine at the weather 
bureau. 
As the balloon goes higher and higher into thinner air, 
it keeps expanding. Finally it b~sts. A parachute connected 
to the radiosonde brings it down to earth. A label attached 
to the box asks whoever ~inds the radiosonde to put it into a 
parcel-post box. The government gives a reward to the person 
who returns it. 
Weather forecasters also use radar to make reports. A 
radio transmitter sends out invisible radio waves which can 
travel easily through the air. When these radio waves meet 
snowflakes or raindrops, they are reflected back in the same 
way that mirrors reflect light. A radar receiver catches 
.. 
these waves and shows them as a pattern on a screen, just 
like a television screen. There are lines on the radar screen, 
each line representing a certain distance. The radar operator 
studies the screen and can tell where the storm is, how big 
it is, and in.Which direction it is travelling. 
Now you have the most important. instruments you need 
to make a weather report. You can keep a weather chart and 
make your own weather reports. 
Your barometer will help you measure air pressure. 
With the hygrometer you can measure humidity. 
The anemometer and wind vane will help you ~ind out 
the speed and direction of the wind. 
You can keep a record of the air temperature by using 
the thermometer. 
The rain gauge measures the amount of rain that fell. 
THE WORLD OF WEATHER 
No doubt you have been surprised by changes in the 
weather many times. You may go to bed some night when it 
is raining very hard and think that you will never see good 
weather again. Lo and behold, next morning, when you awake, 
the weather is clear and warm and sunny. What do you think 
caused the change in the weather? 
While you were sleeping, a mass of clear, dry air came 
and pushed the damp, stuffy air along. It may have surprised 
you, but this change in the weather was no surprise to the 
meteorologists. They had been watching the air mass for 
some time on their weather maps. 
The World's Weather Factories. Most of our weather is 
made by air masses. Air masses are huge bodies of air that 
sweep over land and sea. An air mass is one thousand miles 
or more across and has nearly the same temperature and moisture 
throughout. They come from thirty special places, or weather 
factories, around the earth. Three of these weather factories 
are responsible for the most important air masses for the 
United States. 
One of these air masses comes from the cold plains and 
forests of Canada. Another comes from the Gulf of Mexico 
where the weather is warm. Another air mass comes across the 
Pacific Ocean. A fourth comes to the northeastern part of the 
United States from the Grand Banks off Newfoundland. 
What Is ~ Air Mass? You can .find a small air mass in 
a refrigerator that has been closed for some time. Air in a 
refrigerator was once ordinary air. The air :feels and smells 
differently now. It has become cool and moist and has many 
different odors in it. The air changed because it stayed in 
one place :for a while. The freezing coils of the refrigerator 
cooled the air. The odors and moisture came :from the food 
stored in the refrigerator. 
Practically the same thing happens in the outside air. 
In some parts of the world, the air stays still :for a long 
time. Little by little the air is changed by its surroundings. 
It takes on odors and moisture. When it does start to move 
over the land, it brings new weather. 
Would you like to know what happens to a mass of cold 
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Meteorologists can report a cold wave in advance because 
they keep track of air masses. The cold wave was first part 
of a cap of cold, dry air that covered the arctic polar re-
gions. Air in the arctic regions is cold because the slanted 
rays of the sun shine only a few hours a day and give very 
little heat. The air is dry because snow and ice don1 t have 
much chance to melt in just a few hours of sunlight. 
A. vast dry, cold air mass that is formed in the northern 
part of our continent is called a Polar Continental air mass. 
It is so called'because it is formed in the polar regions over 
a continent. 
The Air Mass Travels. Over the wintry polar region the 
air mass continues to build and grow. The movement of air 
masses is affected by high mountains that cut into the air 
mass; by oceans that cool off more slowly than land, making 
air currents; and by the earthts rotation on its axis. Air 
masses are also affected by swift narrow belts of wind, jet 
streams, that are high up in the atmosphere. These jet 
streams twist and tug at the air mass as they skim by. For 
all the reasons mentioned above, an air mass does not expand 
and grow evenly. Instead, it grows and spreads in waves and 
tongues over the land. No matter where the Polar Continental 
air mass touches in the wintertime, people have to dress more 
warmly and use more fuel in their furnaces. 
This cold, dry air mass keeps moving further and fur-
ther toward the south. Eventually, the tongues break away and 
become smaller air masses as they keep moving. They sometimes 
bring wintry weather to southern orange groves, Texas cattle 
ranches, and Mexican ~arms. The cola air mass that started 
in the polar regions travels a long way and ~inally loses its 
power. It soon spreads and mixes with warmer air. 
Meteorologists rrom Canada and the United States keep 
track o~ the cold air mass during its journey. They send 
reports ahead o~ it. With their many instruments, meteor-
ologists measure the air pressure, temperature, humidity, 
speed and direction or the air mass. They :figure the path 
of the air mass and the weather it will probably bring. 
Tropical Air ~ Cool Land. The Gulf of Mexico is 
the starting ground for the Tropical Gulf air mass. Since 
the air over that region is warm and moist, it usually brings 
warm, moist weather. If the land over which it travels is 
cool, it brings one kind of weather; .if the air over which it 
travels is warm, it brings another kind o~ weather. 
What happens when a warm-air mass travels over cool 
land? 
Experiment 
Get a kettle o~ boiling water and a saucer with ice 
cubes or very cold.water. The steam rrom the kettle can stand 
for the warm, moist air mass, and the outside o~ the pan can 
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stand f'or the cool land. 
Hold the saucepan over the kettle's spout. Do you see 
drops collecting and falling? They are raindrops. 
A. Tropical Gulf air mass that travels in the winter-
time usually brings low clouds and several rainy days. That 
is because the lower part of the moist air is cooled, forming 
low clouds and then f'og. 
Tropical Air ~ Warm Land. What happens when the 
warm-air mass travels over warm land in the summertime? 
Experiment 
Use the same kettle with hot water and saucepan of' 
hot water. Hold the pan near the spout of the kettle. 
Scarcely any water collects. The droplets go into the air 
and make it damper but it doesn't rain. Usually the Tropical 
Gulf' air mass doesntt bring rain in the summer. It increases 
the dampness and heat and makes you wish you lived in the 
North Pole. You long f'or some relief' in the air. 
Summer Showers at Last. Finally the weather man pre-
dicts rain. How relieved you are. You feel cooler already. 
Why do you suppose a shower is coming? 
Stand near a window through which sunlight is shining. 
You f'eel warm. Touch the window sill and the window pane. 
The window sill feels warm but the window pane is cool. 
Transparent materials, as glass, are not heated by the 
sunlight. They are warmed slightly, but the sunlight passes 
through. 
Sunlight also passes through transparent air. It 
scarcely warms the air at all. Instead o:f heati:ng the air, 
it heats the ground, just as it did the window sill. 
That is how a summer shower begins. The hot ground 
heats the air close to it. The heated air keeps expanding 
and becoming lighter and pushes against the cool, heavier 
air above it. 
The layer o:f warm, moist air goes higher and higher. 
Finally it gushes through the cold air and goes up higher, 
bringing its load o:f water vapor along. Up high the air 
spreads out into more space. As it spreads, or expands, 
something happens to its temperature. 
Experiment 
Open your mouth wide and blow against the back o:f your 
hand. Your breath is warm, isn't it?· Now keep your mouth 
almost closed and blow against the back o:f your hand. Your 
breath is cool. When your breath spreads :from a small space 
to a larger one, it became cooler. 
The same thing happens when warm, moist air rises 
higher in the sky. As it spreads out, it becomes cooler. 
The water vapor also cools and condenses into a cloud. I:f 
enough water vapor condenses, raindrops :form and we have a 
shower. 
Weather from Acnoss the Ocean. The Siberian-Pacific 
air mass comes over the Pacific Ocean from Siberia. It is 
responsible for the weather for half or the United States. 
When it starts it is cold but brings warm weather. It is dry 
in the beginning but brings rain. Although it brings rain, 
it makes deserts. 
This air mass has its beginnings on the cold dry plains 
or far-orr Siberia. As it crosses the Pacific Ocean, it picks 
up moisture and heat. It is mild and moist when it re~ches 
the west coast or the United States and causes a mild, even 
climate. 
After it reaches the west coast, it keeps traveling 
eastward. It has to climb several mountain ranges. It meets 
thinner air as it cl~bs the first range. This causes it to 
spread out and cool. The water vapor condenses and rain 
falls. The western side of the mountains are well watered, 
and there are many forests, farms, and rivers. 
Arter the air mass has lost most or ita vapor, it 
keeps traveling. When it is going down the last mountain 
range, it is a warm, dry wind. This wind helps evaporate 
water from the soil. Such a wind is called a chinook. The 
land here is dry, sparse, and desertlike in some places. 
The air mass keeps moving toward the great plains or 
the United States and Canada. Every time it rises it con-
denses its vapor. Every time it ralls it becomes warmer and 
picks up more water vapor. As it travels it helps make 
\ .. ·, 
forests and deserts, farms and cattle ranges. 
There are other air masses which are responsible for 
our weather. The few you have studied, however, will give 
you an idea of the important part air masses play in people's 
lives. If they were changed around, farms could become 
deserts, and deserts could become farms. 
Now you know why the study of air masses is such an 
important part of the work o:f meteorologists. Our knowledge 
of air masses helps us .forecast the weather more accurately. 
When Air Masses Meet. The place where two air masses 
push against each other is called a front. When a cold-air 
mass pushes against a warm-air mass, we have what is known 
as a cold front. When a warm-air mass pushes against a cold-
air mass we have a warm .front. The place over which two air 
masses meet usually experiences a complete change in weather. 
A Cold Front in Action. An entire cold-air mass is 
--- -
about seven hundred miles across and ten miles high. It has 
a round or oval shape. Its front part is the cold .front. 
What would happen when the Polar Continental air mass 
advances against the Tropical Gul.f air mass? 
~ir currents are set up when cold and warm air meet. 
The tip o.f the cold-air mass stirs up winds. The warm, moist 
air is pushed up by the cold mass. The warm, moist air then 
cools and condenses into a thundercloud. A shower begins 
much to everyonets surprise, and ends almost as suddenly as 
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it begins. After the shower the sky clears, the wind dies 
down, and the air becomes cool and clear. 
Although all cold fronts differ a little from each 
other, they usually change the weather from warm to cloudy 
and stormy, and then to clear and cool. 
A Warm Front in Action. A warm front is the place 
where an advancing warm air mass meets a retreating cold air 
mass. Since warm air is lighter than cold air, the warm air 
mass rises over the cold air mass and pushes it backward. 
A warm front can be predicted several days before its 
arrival by cirrus clouds in the sky. These are later followed 
by thin, milky, flat clouds called cirro-stratus. They are 
lower than cirrus clouds. As the warm front come.s closer, 
the clouds get lower and darker. Nimbo-stratus clouds appear 
in the sky and a long, steady rain falls. 
After the warm front passes, the warm air mass sweeps 
in. Cumulus clouds appear in the sky, and the air is warm 
and moist. Several days of warm, clear weather follow. 
Thunderstorms. Thunderstorms usually come on warm, 
moist summer afternoons. There are two signs that warn us 
that a thunderstorm is coming. Tall, billowy clouds with 
flat bases fill the sky. There is a change in the wind's 
direction. The rain usually starts when the wind changes its 
direction. 
Thunder and lightning are made by giant flashes of 
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electricity. Thunderstorms are often called electric storms. 
The exact cause of lightning is no-t known to scientists. 
They think that when a thundercloud develops, an electric 
charge is built up in the cloud. When a sufficient electric 
charge is built up, a giant spark may jump from one eloud to 
another, from the cloud to the earth, or from the earth to 
the cloud. These sparks are made when electricity in the 
base of the thunderhead causes the earth below to become 
charged. These sparks are called lightning. 
Experiment 
Try this experiment in a dimly lighted room with cool, 
dry air. Scuff your shoes on the rug a few times. Put your 
finger close to a nearby object. A tiny spark will jump from 
your finger to the object. 
As lightning bolts flash through the air, the air 
heats up and expands suddenly and violently. The expanding 
air pushes against the air beyond. Invisible ripples form 
and then spread outward. These ripples are called sound 
waves. They make a crackling, rumbling sound called thunder. 
A thunderstorm moves about one-half mile in a minute. 
A thunderstorm that is two miles away, and moving toward you 
will arrive in four minutes. That is enough time for you to 
seek shelter. 
Here are some rules to remember about lightning: 
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1. Dontt go near tall trees that stand alone. 
2. Stay off lakes and rivers; don't go near iron 
fences or railings. 
Tornadoes. A tornado is a fierc.e, funnel-shaped wind-
storm. It can do a great deal of damage in just a few seconds. 
Usually tornadoes only happen in a few parts of the world. 
Since they are narrow, they only do damage along a narrow 
path, then die out. 
A tornado acts like a whirlpool 1 bath. In a tornado, 
the air moves upward at a terrific speed. A tornado usually 
starts in a region where the ground has been intensely heated 
by the sun. The warm ground heats the nearby air, which then 
rises. The temperature of the air over that area is rapidly 
changing at different levels. This speeds up the warm-air 
currents that rise from the ground. 
While the rising warm air speeds up, the surrounding 
air rushes in. It starts a whirling motion and spins the 
rising air faster and faster as it goes downward. The rush-
ing air picks up many objects and sends them whirling and 
spinning in all directions. When the. tornado dies down, 
its cargo is dropped many miles away. 
Hurricanes. A hurricane is like a tornado in many 
ways. It is also an upward-moving column of whirling air 
that has been heated by the sun. However, the air of a 
hurricane does not move upward as rapidly as that of a 
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tornado. 
A hurricane is wider than a tornado and may cover 
several hundred square miles at the base. A hurricane starts 
over water; a tornado starts over land. 
Hurricanes are called typhoons in the China Sea, 
cyclones in the Indian Ocean, and willy-nillies in the South 
Pacific. 
Hurricanes that af'f'ect our country often start in the 
Gulf' of' Mexico, the Caribbean Sea, or near the Bahama Islands. 
Sometimes they start in the Atlantic Ocean, maybe as _.;'~r- away 
as Africa. 
These great bodies of' water are warmed for many days 
in the summertime. The air above the water is also warmed. 
When cooler air streams in, the hurricane starts. 
The air, which is warm and moist, is pushed upward 
and inward like a spinning spiral. It spreads out and is 
cooled when it gets high up. The vapor condenses and makes 
clouds. Raindrops are formed and come smashing downward. 
The hurricane journeys northward in a curved path. It brings 
violent winds and floods and may last f'or several days. 
Hurricane winds whirl counterclockwise. The highest 
speeds are in a circular band beginning at the edge of the 
neyen and stretching out twenty to thirty miles or more. In 
this area wind velocity may reach one hundred f'if'ty miles per 
hour. At the center of' the hurricane is usually found a small, 
cloudless core, five to twenty miles across. This is called 
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the "eye" of a hurricane. Here the sky may be clear or only 
partly cloudy and the winds are very light. 
Hurricanes don1 t cause as much damage nowadays as they 
have in the past, because people are warned beforehand by the 
Weather Bureau. People are transported out of dangerous 
areas by the Coast Guard. 
Hurricanes are given girls 1 names. These names are 
taken from an alphabeti'cal list. The name of the season f s 
first hurricane receives a name beginning with A; the second 
receives a name which begins with B; and so forth. A new 
list of names is prepared each year. Usually there aren't 
any more than twelve hurricanes in one year, so that only the 
names to L are used. 
Weather Maps. If you are using weather maps you 
should keep five or six of them on the bulletin board. Every-
day remove the oldest one and add.the newest one. Compare the 
maps from day to day. While doing so you will notice that 
weather usually travels from west to east. 
On your weather maps you can locate warm fronts and 
cold fronts as well as places where the air pressure is high 
or low. You may also want to keep a record of temperature, 
the wind's speed and direction, and weather in certain parts 
of the country. 
Daily and weekly weather records may be kept. They 
help you find out changes in the weather from day to day. 
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Readings and ebservations should be carefully and accurately 
made at the same time each day. 
You may also be interested in keeping weekly charts 
of air temperature and wind speed. These findings should 
also be recorded at the same time every day. When the find-
ings are made, they can be recorded on a graph. By keeping 
records of this type of information you will find that air 
temperature changes from day to day, as does wind speed. 
Oftentimes you will find that wind speed is the same, or 
nearly the same, for two days. Wind direction may not change, 
either, for a day or two, although usually it does change from 
day to day. These changes in the condition of the air make up 
the weather. 
Daily Weather Records 
. 
Date 
9 A.M. 11 lLM. 1 P.M. B P.M. 
Air Temperature 
Wind Direction 
Wind Speed 
Sky Condition 
Rain or Snow 
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Weekly Weather Records 
Dates and Time 
Mon. Tues. Wed. Thurs. Fri. Sat. Sun. 
Air Temperature 
Wind Direction 
Wind Speed 
Sky Condition 
Rain or Snow 
You can record air temperature and the velocity of the 
wind on charts similar to the following: 
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TESTS 
I. Complete each sentence by filling in the missing word(s). 
1. We get ' and from the sun. 
------ -----
2. When part of the earth is facing the sun, it is 
in that part. 
3. When part of the earth is turned away from the sun, it 
is in that part. 
4- There a.re more ho.urs of ------
winter. 
in summer than in 
5. The weather is 
------
on a cloudy day. 
6. Land heats up more quickly than------
7. In the sunlight the air over------- is cooler. 
8. at night the air over---------- is cooler. 
9· A ___ _ is moving air and is caused by the 
10. When air is heated, it 
-------· 
11. pushes up warm air. 
12. In the daytime we have 
13. At night we have 
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II. Match each type of wind with its description. 
1. Breeze a. Large branches sway back 
and forth. 
2. Light wind b. Leaves move on trees. 
3. Fresh wind c. Branches break from trees. 
4· Strong wind d. Many lives may be lost. 
5. Gale e. Small branches sway. 
6. Storm f. Small trees sway. 
7· Hurricane g. Widespread damage. 
III. Name each type of water in the weather described below! 
1. drops of water that fall from clouds. 
2. frozen dew. 
3. sleet that has been blown back several times. 
4. cloud near the ground. 
5. water vapor that freezes in the cloud. 
6. drops of water which collect on cool ground. 
7. rain that freezes as it falls. 
8. frozen raindrops. 
rv. Write the name of each type of cloud described below: 
1. low, thin, grayish-white cloud. 
2. full, billowy, white cloud. 
3. tall, dark cloud with flat bottom. 
4. dark, low cloud. 
5. delicate, white, wispy cloud. 
V. Match the names of' weather instruments with the kind of' 
work they do. 
1. Wind vane 
2. Anemometer 
3. Barometer 
4- Hygrometer 
5. Thermometer 
6. Rain gauge 
7- Weather balloon 
8. Radiosonde 
9· Radar 
a. measure temperature of' the 
air. 
b. group of' instruments that 
measure conditions in the 
upper 'air. 
c. measures direction of' the 
wind. 
d •. · measures speed and direction 
of wind in the upper air. 
e. measures air pressure. 
f'. measures distance and diree-
.tion of weather conditions 
in upper air by reflection 
of radio waves on a screen. 
g~ measures speed of wind. 
h. measures rainfall over a 
period of' time. 
1. measures moisture of' the air. 
VI.. Complete each sentencw by filling in the missing word(s). 
1. Predicting weather is the work of the 
2. Clouds are made of or 
3. A north wind brings·-------- weather. 
4. A south wind brings weather. 
-----
5. When air pressure is heavy, we expect weather. 
6. When it presses less heavily, we expect weather. 
-----
7. Two common types of barometers are the---------- and 
barometers. 
8. Moisture i~ in air is called 
------
9. A weather balloon is filled with -------- or-----
VII. Complete each sentence by filling in the missing word{s). 
1. An air mass is a 
2. One that comes from the north is the 
------------------
3. Another air mass comes from the Gulf of Mexico and is 
called the ---------------------------
4. The air mass that travels over the Pacific Ocean is 
the 
5. A---- is the place where two air masses meet. 
6. When a warm-air mass pushes against a cold-air mass, 
there is a ------------~-------------
7. When a cold-air mass.pushes against a warm-air mass, 
there is a ------~-------------------
8. We have 
-----
and ·.;,.... _______ _ during a thunderstorm. 
9· Lightning is caused by -------------------------
lO. A is a whirling .windstorm. 
11. Hurricane winds move .in a -------------- direction. 
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VIII. Essay Test. 
1. Explain why hours in the sunlight make a difference in 
the weather? 
2. "(fuy is air cooler near the water in the daytime? 
3. Explain evaporation and condensation. 
4. Why is the Weather Bureau so important? 
5. Name and explain the various cloud formations. 
6. Why is it so important to know weather conditions in 
the upper air? 
7. What is an air mass? How is it formed? 
8. Where do the air_masses come from that affect the 
weather in the United States? What kind of weather 
do they bring? 
9· How are hurricanes and tornadoes alike? How are they 
different? 
I. 1. heat, light 
2. daytime 
KEY TO TESTS 
3. · nighttime 4. sunlight, warmer 
5. co0ler 
6. water 
7. water 
8. land 
9. wind, sun 
10. expands 
11. cool air 
12. sea breezes 
13. land breezes 
III. 1. rain 
2. frost 
~: hail fog 5. snow 
6. dew 
7· glaze 
8. sleet 
v. l. c 
2. g 
~: e i 5. a 
6. h 
?. d 
8. b 
9· f 
II. a. 4 
b. 1 
c. 5 
d. 7 
e. 2 
f. ~ g. 
IV. 1. stratus 
2 .. cumulus 
': 
thunderhead 
nimbus 
5. cirrus 
VI. 1. weather bureau 
2. ice crystals, 
water droplets 
~: colder warmer 5. dry 
6. moist 
?. aneroid, 
8. 
mereury 
humidity 
9· hydrogen, 
helium gas 
VII. 1. 
2. 
~: 5. 
6. 
?. 
8. 
9· 
10. 
11. 
r 
moving body of air 
Polar Continental air mass 
Tropical Gulf air mass 
Siberian-Pacific air.mass 
front 
warm front 
cold front 
thunder, lightning 
electric charges 
tornado 
counterclockwise 
VIII. 1. More sunlight makes more heat. 
2. Water is cooler than land and keeps the air over 
it cool. 
3. Evaporation--water rises into the air in the form 
of tiny particles or molecules. 
Condensation--when theseoparticles cool, they 
join together and form drops of water. 
4. The Weather Bureau makes weather predictions 
from reports received from all parts of our 
country and the world. These predictions are 
given to everyone by way of the newspaper, radio, 
and television. 
5. Thunderhead--tall, dark cloud with flat base. 
Cirrus--wispy, white cloud high in the sky. 
Stratus--low, grayish-white cloud. that covers 
the whole sky. 
Nimbus--dark, low cloud. 
Cumulus--fluffy, white cloud. 
6. (Answers will vary.) 
7. An air mass is a large body of air that moves 
over land and sea. It is one thousand miles wide 
and has the same temperature and moisture through-
out. It is formed by air that stays still for 
some time. When it finally moves, it brings new 
air. 
8. Cold plains and forests of Canada--cold, dry 
weather. 
Gulf' of Mexico--warm, moist weather. 
Pacific Ocean--warm, moist weather. 
Grand Banks off Newfoundland--cold weather. 
VIII. (continued) 
9· Difference 
Tornado moves much raster. Tornado starts 
over intensely heated ground. Hurricane 
starts in sea where air and water have been 
heated by sun. Hurricane lasts longer than 
a tornado. Hurricane is wider. 
Likenesses 
Both are fierce, windy storms that cause much 
destruction. Both are upward-moving columns 
or whirling, heated air. 
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Anemometer: 
Barometer: 
Cirrus~ 
Cumulus: 
Evaporate: 
Expand:: 
Experiment:· 
Fog: 
Frost: 
Humidity: 
Hurricane: 
Hygrometer: 
GLOSSARY 
An instrument used to measure the wind's speed. 
An instrument used to measure air pressure. 
Thin, wispy cloud made of ice crystals. 
Large, thick, fluffy white cloud with a flat 
bottom. 
To change into a vapor or gas. 
Spread out or become larger. 
To find out something by trying or testing. 
Thick mist made of tiny drops of water. 
Frozen dew or water vapor. 
Amount of moisture in the air. 
Violent, destructive windstorm, accompanied 
by heavy rain. 
An instrument used to measure humidity in the 
air. 
Meteorologist: Scientist who studies weather. 
Molecules: Smallest particles of a substance. 
Nimbus: Dark, low cloud that covers the whole sky. 
Radar~ Instrument used to detect distance and direc-
tion of unseen objects by reflection of radio 
waves. 
Radiosonde: A set of instruments used to discover weather 
conditions high in the air. 
Stratus: Low, thin, greyish-white cloud that covers 
most or all of the sky. 
Temperature: Degree of heat or cold. 
Thermometer: Instrument used to measure air pressure. 
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INTRODUCTION 
At any season of the year it is fun to stand.and look 
up at the sky. It seems to begin right next to you and is all 
around you. We realize as we gaze at it that the sky is made 
up of many members. One of its largest members is the Solar 
System. This is made up of the sun and the planets that re-
volve around it. The Solar System does not include the stars. 
The sun, the moon, and the planets are each an important part 
.of the sky. In a lesser Solar System we find comets and 
meteors. The sky leaves no part of the earth uncovered. It 
is about six hundred miles thick. 
THE SUN 
Since time began, the sun has always been most impor-
tant to man. Long ago people thought of the sun as a fire 
god and worshipped it. Today men know the sun is a huge 
fiery ball of glowing gas very much larger than our earth. 
If the sun were a hollow ball, over a million earths could 
be dropped into it. Although it is a very ordinary body, it 
is our daytime star, and seems to us to be unlike any other 
heavenly body. Being closer to us than any other star, it 
seems bigger than all other stars. However, it is just 
average star size. The light from the sun seems to make all 
other stars disappear in the daytime. It shines by its own 
light and is very, very hot. The heat of the sun is so 
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intense that nothing ean live on it. To us here on earth, it 
is most important, since it supplies us with our heat and 
light. Without the sun, our earth would be a very dark, cold, 
dreary place. The vertical rays of the sun give much heat. 
At noon each day we get more heat and light from the sun, as 
it is then directly overhead. 
The sun contains many·substances found on this earth. 
Carbon, nitrogen, and oxygen are present in it, but hydrogen 
and helium gas make up most of the aunts bulk. Some metals 
such as iron, copper, silver,and gold are also in the sun. 
Nothing can be solid or liquid on the sun because its tem-
perature is too high. Temperature at the aunts surface is 
11,000 degrees. Deeper inside the temperature probably runs 
into millions of degrees. The sun contains so much matter 
that its gravity is very powerful, about twenty-eight times 
as strong as the earth's gravity. A man or 150 pounds would 
weigh about two tons on the sun. 
Astronomers use photographs taken with special tele-
scopes to study the aunts surface. The sun's surface looks 
speckled on the photographs. One-third of it is covered by 
bright flecks. Though the flecks look small, each is bigger 
than one of our states. Their brightness depends on their 
temperature, for hotter substances give off more light than 
cooler ones. New flecks constantly appear, and after a few 
minutes turn darker. Possibly the bright flecks are.gushes 
of glowing gases that shoot up :from the interior. 
278 
All over the sun's surface violent storms rage. These 
stormy areas form big dark blotches on the aunts surface and 
are called sunspots. They may be about 2000 degrees cooler 
than other regions around them. Although they are not as 
bright as the rest of the sun, these dark spots really glow. 
These sun storms are really caused when extra hot gases boil 
up from below, swirl around a center, and then form an eddy. 
Some of these gases go up many thousands of miles. As the 
gases swirl around they cool off and darken. When sunspots 
first appear they are small. They grow rapidly for about a 
week. During the next week they usually become smaller and 
then disappear. But sometimes spots last for many weeks and 
spread over thousands of miles of the aunts surface. Motion 
of sunspots indicates that the sun rotates once every twenty-
five days at the equator. Other evidence proves that rota-
tion near the poles is once every thirty-three days. We can 
prove the sun is not solid by this difference in rotation. 
If the sun were solid the speed of rotation for all parts 
would be the same. 
Over an eleven-year period the spots which appear on 
the sun vary in size and number according to records. The 
number of spots decrease steadily for a five or six-year 
period, then they tend to increase again. Exploring the ?un 
is painstakingly difficult but, with each study that is made, 
we learn more about the star that lights and heats our world. 
Once in a while the moon comes between the sun and the 
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earth. Our view of the main part of the sun is then shut off. 
First, a small rounded notch appears at the edge of the, sun. 
Gradually it becomes wider and deeper. Sunlight then becomes 
fainter. When the moon1 s shadow is halfway across the sun, 
the sun seems like a bright crescent. A.s the crescent grows 
thinner, twilight descends upon the earth. Then we say there 
is an eclipse of the sun. 
During this time, a part of the sun that usually does 
not show, comes into sight. This is called the sun's corona 
and is usually not as bright as the main part of the sun. 
The sun's corona glows with pale light and is sometimes called 
a halo. This is the sun's glowing atmosphere. From its sil-
very outer edge, the color deepens to yellow near the rim of 
the moon. From around the sun's edge, behind the moon, tongues 
of red flame leap out. The moon covers the sun for a minute 
or two. Twilight falls on the earth, though the time of day 
may be noon. Then a bright erescent.appears on the side where 
the eclipse began. The sun's halo, its corona, disappears. 
The sky grows brighter. The sun's crescent grows and soon 
the sun is in full view again. 
At one time people were terrified of the eclipses of 
the sun. Today, we understand and know more about these 
eclipses. 
Even thousands and thousands of years ago men knew that 
.. w.:LtJ;tout the light and heat of the sun we could not exist on 
this earth. Ancient people thought that these eclipses of 
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the sun meant that the sun was either sick or lost. Indians 
who saw the flaming corona thought the sun was burning up. 
They would do wild dances to stop the eclipse. 
Scientists, today, watch the sun's eclipses with great 
interest and nearly all people turn out to see it. We know 
today what causes these eclipses. 
Solar eclipses can be seen only from a narrow area. 
This is so because the moon's shadow covers only a small part 
of the earth. Only the top reaches the earth. The area it 
.darkens is always less than one hundred seventy miles wide. 
To see a total eclipse of the sun one must be in a 
darkened area. Those out.side. see. a blackout of only part of 
the sun. The moon moves at a speed of over two thousand miles 
per hour, so its shadow p.ass.es swiftly over the ground. A 
total eclipse of the sun takes. place only at a time of a new 
moon, when the moon is directly between the earth and the sun. 
Since the moon shifts up and down a little, as it circles the 
earth, the new moon is usually higher or lower than the sun. 
Then there can be no eclipse. Any total solar eclipse is 
brief. If only part of the new moon is in line with the sun, 
there is only a.pAr.tial eclipse. Only part of the sun is 
hidden and no corona or.halo appears. Such partial eclipses 
come oftener than total eclipses. 
Each year there are between two and five eclipses of 
the sun. Usually only one is total. In any one place, there 
is a total solar eclipse about once every three hundred fifty 
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years. Astronomers can predict eclipses exactly because they 
understand how the moon and the earth move in space. 
Day after day, our sky seems to brighten as the sun 
rises, and to darken as the sun·sets. Yet the sun never really 
rises or sets. It seems to move because the earth is turning. 
~t dawn, when the sun seems to rise, our part of the world is 
turning towards it. We have day while we face the sun. When 
darkness comes on, and the sun seems to be setting, our world 
is turning away from it. The sun is always shining but its 
light can only fall on one part of the earth at a time. Earth 
turns from west to east and the sun seems to move in the op-
posite direction. Each day after the sun rises in the east, 
it climbs up the sky. At noontime it is highest. The sun 
continues moving westward until it sets. This happens every 
twenty-four hours. 
The sun is about ninety-three million miles away from 
the earth and yet it is one of our closest neighbors. The pull 
of the huge, heavy sun keeps the earth in its orbit. 
If you put a piece of dark paper in the sunlight for 
five minutes, it will be hot to touch. Put another one next 
to it for only one minute and it will be warm. When sunlight 
strikes at a slant it gives less heat than when it strikes 
directly. 
THE MOON 
The moon is about a quarter of a million miles away 
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from us and is our nearest neighbor in space. This distance 
is small as compared to the distance of the sun and the planets 
from us. No doubt the moon will be the first station visited 
by our space travelers. Actually, it is smaller than the 
stars, which are more distant from the earth. The moon looks 
much larger than the stars to us because it is so much nearer 
the earth. The diameter of our ball shaped moon is just 
2,160 miles or about one-fourth the diameter of the earth. 
It would take fifty moons to make one earth. The moon shines 
by reflecting some of the light given it by the sun. 
The moon travels around the earth while the earth 
travels around the sun. Even if the earth did not turn, the 
moon itself would move across the sky for it has a real mo-
tion of its own. It travels around the planet, earth, and 
is a satellite. 
It takes about four or five weeks for the moon to make 
this t~ip around the earth. The path that it travels is called 
its orbit. Along this path the moon moves from west to east. 
Every twenty-four hours the moon comes up about fifty minutes 
later than it did the day before. This is why, for about two 
weeks, the moon seems to rise at night. 
The moon goes through certain phases, or in other words 
seems to change its shape. Sometimes, when the moon is be-
tween earth and sun, sunlight falls on the side of the moon 
that is turned away from us, and the side facing us is dark. 
When this happens we cannot see the moon at all. We call 
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this phase the new moon. Late~, when the moon has moved a 
little further along its path, we can see only a small part 
of the lighted side. To us this appears as a. thin silver 
crescent. Half of the lighted portion of the moon is visible 
to us when the moon has gone a quarter of the way around its 
orbit. People say then the moon is at "first quarter.n We 
see all of the lighted portion of the moon when it has moved 
halfway around, and is opposite to the sun. This is called 
nthe full moon. 11 We see less and less of the sunlit side of 
the moon as it continues along on its orbit. Finally the 
moon is once again between the sun and the earth and its dark 
side faces us. Every twenty-nine and a half days the moon 
returns to this posi t·isn;· When the moon is a crescent we 
often see the part faintly. The dim light falling upon it 
is the reflected sunlight from the earth to the moon. Enough 
of this falls on the moon to show the shape of the dark por-
tion. When the moon circles the earth, the earth slowly turns 
on its axis. Both motions take the same length of time, so 
the same side of the moon is always turned toward us. The 
moon moves over two thousand miles in an hour. 
The moon would not be a pleasant place to visit. 
There is no air there. There is no water, either. The tem-
perature is far from even and it would be much too hot for us 
in the sunshine. In the shade it would be much too cold. 
There is no plant or animal life there and people call it a 
ndead world." 
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Thanks to astronomers, we have very good maps of the 
moon 1 s surface today. Thousands of craters and circular walled 
plains seem to cover much of the surface. Because the moon may 
never have had any atmosphere or any seas, its geological his-
tory will be quite different from earth's and we may well ex-
pect to find many minerals there. Many people are curious as 
to whether or not there could be life on the moon today. Sci-. 
entists rule this out as they_ say nothing can exist without 
air and water. At first it was thought by astronomers that 
there were lakes or seas in the moon but now we know these are 
flat areas called ttmaria." Deep craters, surrounded by ring 
walls which are low in some places and high in others, are 
present on the moon. They are called craters because they are 
like the craters found at the top of volcanoes. These are 
much larger than any crater on earth. Fanning out from these 
craters are broad streaks or rays which look almost like broad 
roads. It is thought that these craters and ringwalls were 
caused by meteors cracking against the moon. 
The surface of the moon seems to be of solid gray rocky 
material. This material has reflecting power. The darker 
patches on the moon which seem to form the eyes, nose, and 
mouth of the man in the moon, are believed just darker rocks 
on the moon's surface. There are high and low places on the 
moon. Some moon mountains are higher than others. The high-
est mountains on the moon are about as high as the earth's 
highest mountains. Small stones probably cover the lowest 
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places on the moon. These stones would be very much like 
gravel. These small stones may have broken off larger rocks 
and tumbled down the mountain side. This breaking off of the 
stones would be caused by the fact that they become very hot 
at one time and then very cold at another time. 
The moon does not glow or shine at all. It just merely 
reflects the light of the sun. Sometimes on the same night 
the moon seems to change in color. It looks quite red when 
it is rising but later when it is high, it looks silvery white. 
This is not because the moon reflects less light to us when 
it is high in the sky. About the same amount of light reaches 
our earth from the moon from hour to hour. Moonlight seems 
softer than sunlight and yet moonlight is really sunlight. 
No one has ever made a map of both sides of the moon, for no 
one has ever seen both sides of the moon at once. The same 
side of the moon is always toward us here on earth. 
The earth's gravity pulls the moon. It keeps the moon 
circling around the earth. The moon has gravity, too, and 
this gravity pulls the earth. But the moon is much weaker 
and lighter than the earth, so its gravity is much weaker. 
The pull of the moon's gravity, however, causes something on 
the earth. It causes tides. The high tides keep traveling 
around the earth because the earth keeps turning. How re-
markable it is! From a quarter of a million miles away, the 
moonls gravity affects our oceans. 
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Experiment 
Here is an experiment that will help you to understand 
why the moon looks paler in the day than at night. For this 
experiment you will need a darkened room and a rlashlight. 
While the rlashlight is still on, turn on the overhead light. 
You will notice that the beam of light from the flashlight now 
seems to be much less bright than it did when the room was 
dark. This is because the light from the overhead light is 
so much brighter than the beam from the flashlight. 
' Here is another experiment to help you see why the 
moon seems to change its shape from night to night. First, 
we need to remember the ract that the moon travels around the 
earth. It takes almost a month, twenty-nine days exactly, 
ror the moon to go around the earth one time. For this ex-
periment you will need an old tennis ball.or a ping pong ball. 
If these are not available an orange will do. You will also 
need a steel knitting needle and a bright light. ! bridge 
lamp would be perfect for light. Tilt the shade of the lamp 
so that the light shines acorss the room. Put the knitting 
needle through the center of the tennis ball. Now you ean 
hold the ball easily. Hold the needle so that the ball is a 
little above your head. Be sure the light is shining on the 
ball. Now, turn around, watching the ball all the time. It 
will be evident to you that the part of the ball that is 
lighted, seems to change its shape. As you face the lamp, 
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with the ball held in front of you, you cannot see the lighted 
part. As you turn around slowly, you first see a crescent. 
Then finally no lighted part can be seen. The lamp, supposedly 
represents the sun. The ball represents the moon, and the 
crescent the earth. The moon ball is moving around the earth. 
At first you see no lighted moon ball. Then you see a cres-
cent moon ball. Then you see a full moon ball. Then you see 
another crescent moon ball. Finally you see no lighted moon 
ball at all. Each of these changes is called a phase of the 
moon. 
At times, only a small part of the moon ball seems to 
be lighted. But this is not true. At least half of the moon 
ball is lighted at all times. To see this yourself ask a 
friend to stand in your place and move the moon ball. As you 
stand near the lighted lamp, wat.eh the moon ball. As it is 
moved around, you can see that the same half of the moon is 
always lighted. You can see the different phases of the moon 
only when the moon ball moves around you. 
If you could float about in the sky, out near the sun, 
you would not be able to see the different phases of the moon. 
You must be on earth to see these. There are two reasons for 
the phases the moon goes through. The first is that the sun 
lights the moon and the second is the moon moves about around 
the earth. Remember, also, that the moonts time of rising and 
setting changes along with its looks. 
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THE STARS 
Before telescopes were invented, thousands of years 
ago, the shepherds learned a great deal from the stars. In 
that far off time, many of the star groups were discovered 
and facts about them were learned by the shepherds. 
Our sun is a close neighbor to us as compared with the 
stars. The stars are so far away that even telling their 
great distance does not mean too much, they are so far away. 
Each star is a ball of glowing gas that shines by itself. 
They are not burning. The stars areglowing or incandescent. 
Finding any star in any particular place at any time involves 
a number of problems for consideration. Every night fixed 
stars seem to be moving constantly across the sky. Each star 
rises and circles and sets much the same as the sun does. 
They do not cross the sky and rise and set at the same time 
every night. Each night the stars rise and set and cross the 
sky, four minutes earlier than the previous night. This means 
that in fifteen days it would be a whole hour earlier and in 
thirty days, two hours earlier and, as months go on, many 
stars which we saw rising about nine olclock will not rise 
until after the sun is up in the morning. In other words, 
these stars will cross our sky in the daytime, and we will not 
see them at all, since the light from the sun is so strong. 
Stars are seen in different positions in the sky by 
people who see them from different places. People in Florida 
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would see a star in a different position than someone in 
Canada would see the same star. 
Each star is a sun that glows with its own light. 
They are too far away from us for any of their heat to reach 
us. The light from a star has reached us when we can see it. 
First, only the brightest star shows, but soon we see hun-
dreds and hundreds more appear. People of ancient times 
thou_ght of them as lamps for hunters or thrones for princesses. 
A star may be a single or a double sun. They travel round and 
round each other. It would take a quarter of a million steps 
to reach the nearest star. 
In the heavens, there are as many stars as there are 
grains of sand on all our seashore. The stars are too numer-
ous to count. On a clear night, when we look up at the sky 
we see about 3,000 stars scattered unevenly. These stars are 
in groups called constellations. The names of these constel-
lations tell us the picture seen. 
In the northern sky we see many of the same constella-
tions all year round. The North Star is the tail of Ursa 
Minor. The brightest star we see is the Dog Star or Sirius. 
It is twenty-seven times as bright as the sun. It is really 
a double star with one star being ten thousand times as 
bright as the others. The color of this star is white. There 
are many white stars, blue-white stars, yellow stars (like the 
sun), orange ones, and red ones. These different colors are 
due to temperatures.. Stars are made of hydrogen, carbon iron, 
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phosphorus, calcium, oxygen, and many other elements. Many 
of these elements make up the human body. 
One of the best known star patterns is the "Big Dipper.tt 
There are seven bright stars in it. Four stars form the bewl 
of the dipper and the others form the handle. The two stars 
farthest from the handle of the dipper are called the Pointers 
because they seem to point to the North Star. The Big Dipper 
moves around in a large circle, counterclockwise, 
Experiment 
Try this experiment. Make a picture of the Big Dip-
per. Put the two stars, the pointers, in the cup of the dip-
per. Draw a line through them and extend that line upward 
from the cup. Upward means away from the bottom of the cup. 
When you have gone about one dipper length upward, you will 
come to a fairly lonely star of moderate brightness. This is 
Polaris, the North Star. It is always to be found there. 
The North Star lies less than halfway up in the north-
ern sky for most of us who live in the United States and 
Canada to see. For people who live farther south, the star 
will appear a little lower down. The North Star seems to 
stand almost still, as the earth spins, because the earthts 
axis almost points right to it. Actually, it travels in a 
small circle which can be seen only with an instrument. The 
North Star is in the end of the handle of the Little Dipper .. 
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This is another group or stars which is not very little 
at all, but is smaller than the Big Dipper. There are two 
rair stars between Polaris and the handle or the Big Dipper. 
These rorm the cup of the Little Dipper. Other faint stars 
make up'the rest of it. 
Now these dippers are not real constellations. The 
constellations are Ursa Major, the greater bear, and Ursa 
Minor, the smaller bear. The handles of the dippers are the 
tails of the bears. These tails are very long, because when 
Jupiter ~ut the bears in the sky he pulled them up by their 
tails and the tails stretched. 
In the southern part of the sky in February, about 
halfway up, stands Orion, the great hunter and the most beauti-
ful of all constellations. Many people know the three stars 
that make up Orion's belt. These stars are very evenly matched 
and lined up. Up the left of the belt is the orange star 
Betelgeuse, which marks Orion's right shoulder. Bellatrix is 
to the right of this star and marks the left shoulder of 
Orion. The upward raised lert foot is the brilliant blue-
white star, Regel, which is down to the right of the belt. 
When Orion is in the south, Sirius is about halr as far above 
the hbrizon as Betelgeuse is. 
Then, look for a triangle. The third corner of this 
triangle is up about as high as Betelgeuse, but as far east 
as Sirius is southeast of it. In another corner is the star 
Procyon in Canis Minor, or the lesser dog. A!bove Procyon in 
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the sky in February are the twin stars Castor and Pollux. 
They are called that because they mark the heads of the twin 
Gemini who were the sons of Leda and Jupiter. One twin was 
an expert horsemanj the other was skilled at boxing and 
wrestling. 
If you draw a line through the belt of Orion and ex-
tend it to the right, you will see a little cluster of stars 
cal.led the Pleiades. They were the seven daughters of Pleione 
and Atlas. With the naked eye we can see only six of these. 
Several stories have been told about the missing Pleiad. 
These Pleiades are in the shoulders of Taurus the bull. The 
face of Taurus appears to have a V on it between Pleiades 
and Orion. The bright orange star at the end of the \J is 
Aldebaran. On April evenings Orion and Taurus set in the 
west. Gemini are about halfway up in the west. Look up in 
the north twice as high as the North Star and you will find 
the Big Dipper upside down. 
The fairest star in the summer sky iB Vega, standing 
about two-thirds of the.way up in eastern sky. It is blue 
white, and is the brightest star in Lyra, the lyre of Orpheus. 
The Milky Way consists of countless millions of stars. 
They are very distant from us and appear too faint to be 
picked out separately without a telescope. The stars seem 
to blend their light together to make a veil of light, flung 
across the sky. 
The sun appears to go all the way around the earth in 
.·. 
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a year and to pa~s through twelve constellations of the belt 
of the sky called the zodiac. 
The constellations of the zodiac, which mark the sunrs 
apparent journey are Aries, the ram, Taurus, the bull, 
Gemini,. the twins, Cancer, the crab, Leo, the lion, Virgo, 
the maiden, Libra, the scales, Scorpius, the scorpion, Sagit-
tarius, the archer, Capriconus, the sea goat, Acquarius, the 
old man with the water jug, and Pisces, the fishes. The 
last named four and the first named two are above the horizon 
in Oct0ber. You see a different set of stars in the Northern 
Hemisphere than you do in the Southern Hemisphere. 
If you could watch the stars all through one night 
you would realize that the sky is like a tremendous wheel. 
All the stars seem to wheel slowly through the. sky except for 
the North Star. This is in.the center of the great starry 
wheel and always stays in the same place. When we know north, 
we can easily find south, east, and west. 
Some of the northern constellations can be seen all 
year long. We see them year in and year out because the 
north pole of the earth is always pointed toward the North 
Star. When we look north, in the sky we are always looking 
toward the constellations near the North Star. 
Early man thought of the stars simply as points of 
light in the heavens. How man's ideas about the planets and 
the stars have changed over the centuries is one of the most 
exciting things about astronomy. 
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Across the winter sky strides Orion, mighty hunter. 
Greek legends state that Orion, tallest and most handsome of 
men, was very conceited. For punishment, the gods sent a 
scorpion to bite Orion1 s foot and poison him. After his death 
Orion was put in the sky and so was the Scorpion. They are 
not seen together in the sky, for Orion appears in the winter 
and Scorpion_ in the summer sky. 
Some stars move in such a way that astronomers believe 
they are pulled by uns.een bodies. Perhaps some of these com-
panion bodies of stars are planets. 
have planets revolving around them. 
planets may be like our own earth. 
Millions of stars may 
Possibly some of these 
They may be worlds with 
breathable air, and enough warmth for living things. 
Stars are not part of the solar system. It took many 
years for people to believe this. Corpenicus, a famous as-
tronomer, was the first one to point this out to us. Since 
then, it has been pointed out by many astronomers. It was in 
1530 that Corpenicus, a Polish astronomer, first worked out 
this theory. This has proven to be the explanation for the 
skyts changing pattern throughout the year. 
THE PLANETS 
The sun has a family of at least nine planets. There 
may be even more. It may have some that are so far away that 
no one has seen them yet. The farthest planet we know about 
was not discovered until a little more than twenty-five years 
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ago. This planet is Pluto. The other plants are Jupiter, 
Mercury, Venus, Saturn, Mars, Neptune, Earth, and Uranus. Six 
o~ these planets have mo~ns that circle them, and the others 
are moonless. Each planet controls its own moon, if it has 
one. The planets, however, are like Lords that must obey 
their king, the sun. 
The nearest planets to us are Jupiter, Mercury, Venus, 
Mars, and Saturn. Further away from us are Uranus, Neptune, 
and Pluto. Every planet has its own path around the sun. 
One group of these planets is known as the Giant Planets 
Jupiter, Saturn, Uranus, .and Neptrme make up this group. These 
are often thought of as a special group in the Solar System 
since they have so many physical characteristics in common. 
Here, it is almost a positive ~act there can be no life. 
Jupiter. Jupiter, the ~ifth planet, ~rom the sun lies 
beyond Mars. It is well named ~or the King o~ the Gods for it 
-
is the largest of all planets and 88,000 miles in diameter. 
It also weighs more than all the other planets together. This 
giant ball rotates on its axis in nine hours and ~ifty-five 
minutes or much less than half of one earth day~ The year--
the period of time in which a planet travels around the sun--
is much longer on Jupiter than on some of the other planets. 
Moving at an average rate of eight miles per second, Jupiter 
requires twelve years to travel once around the sun. Jupiter 
appears as a very bright sun. It is a symphony in color, with 
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blends of tan, brown~sh red, and yellow. It has individual 
markings. One of these is the Great Red Spot which has been 
observed since 1857 and which varies in size and position. 
Through a telescope streaks and spots can be seen on Jupiter 
but with the naked eye it appears as a very bright star, in 
fact it is silver bright. Jupiter has a big family of moons, 
eleven in all. Four of these were discovered by Galilee over 
three hundred years ago. These travel backward in their orbit 
and this is one of the unsolved mysteries of astronomy. There 
are great ammonia clouds here and the gravity of Jupiter is 
enormous. If human beings were on this planet, they would 
feel very much heavier than on earth. 
Saturn. Saturn comes next beyond Jupiter. It is the 
next biggest planet. Beautiful rings surround it but a tele-
scope must be used in order to see these. Saturn is smaller 
than Jupiter with a diameter of 75,000 miles. It is 900,000 
miles from the sun. It looks very much like a bright yellow 
star, and moves very slowly. It takes thirty years ~or it to 
travel once around the sun. Its nightly motion in the sky 
amounts to very little. Sometimes it is called the nweird 
Planet.n 
Galilee discovered that Saturn is a large planet with 
a series of three broad flat rings arount it. It is the only 
planet in our solar system having rings. At first these rings 
were believed to be flaming and fiery but within the last one 
hundred years, it has been discovered, through the aid of the, 
spectroscope, that the rings are composed of countless mil-
lions of tiny, cold, dark bodies, each one shining by the re-
flected light of the sun, as1 the great planet itself does. 
We can call these tiny, cold, dark bodies, moonlets. 
Saturn is quite a beautiful planet but in its upper 
clouds are found ammonia and methane gas. The ammonia is in 
the form of crystals. Some other poisonous gases may be found 
there, also. The temperature on Saturn is very, very cold, 
sometimes being 200 degrees below zero .. 
When Saturnrs three rings open up, the planet is three 
times as bright. 
Nine moons are found circling Saturn, also. The larg-
est of these moons is Titan, which is about 3000 miles in 
diameter. The moon farthest away from Saturn is Phoebe. 
Uranus and Neptune. Uranus and Neptune are almost 
identical twins. They are each nearly four times the diameter 
of the earth with Uranus just a little bit larger than Nepttme. 
The year on Uranus is long and equal to 84 of our years. 
These two planets are very far away from the sun and so the 
temperature there is very low. Its temperature is more than 
200 degrees below zero. Uranus has .four moons, all with 
fairy-like names, Ariel, Umbriel, Titania, and Oberon. All 
four moons and the planet itself seem to rotate backwards. 
Neptune has only one moon and this rotates backwards. Uranus 
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has a thick layer of clouds with no oxygen. The same is true 
of Neptune. On both of these planets sunlight is eut off by 
the thick layer of clouds. There is almost complete darkness 
on these planets and nothing can live there. 
Uranus was not known to ancient astronomers. It was 
discovered by William Herschel in 1781. Herschel first thought 
it was a comet but then found it was the seventh planet from 
the sun. 
Mercury. Mercury is one of the smallest and the hottest 
of the planets. It is the one that is nearest to the sun. 
Earth is not nearly as cl0se to the sun as Mercury is. It is 
named for the messenger 0f the gods and since it is closer to 
the sun it travels faster than any other planet. There are 
only 88 days in a year on Mercury. 
We can be sure there is no life on Mercury for two 
reasons: (1) because of its extremes of temperatures, and 
(2) because of its l~ck of atmosphere. There are no brooks 
or lakes or drinking water on this planet. 
Not too many people can see Mercury since it is so 
close to the sun. It is lost in the bright light of the sun. 
There are no moons revolving around Mercury. This 
small planet travels about without any near neighbor. Mer-
cury does not have to travel as $ar as earth does to make a 
trip around the sun. It takes Mercury only about 88 days to 
revolve about the sun. One side of Mercury has day all the 
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time, while the other has night. Only the lighted side of 
Mercury can be seen. Gravity on Mercury is very weak and a 
man could travel there in great thirty-foot jumps. 
Venus. Venus is the second nearest planet to the sun. 
i 
It was named after the Roman goadess of love and beauty. It 
deserves its name for it is one of the most beautiful planets. 
Venus is also the brightest planet. It outshines everything 
else in the sky except the sun or the moon. Sometimes we 
find Venus near the rising or the setting sun. For this rea-
son Venus is called the morning or evening star. 
At times we can see Venus for about four hours before 
sunrise and four hours after sunEet. However, we never see 
Venus late at night. Through a telescope, Venus sometimes 
looks like a crescent or half moon. Just as the moon goes 
through certain phases so does Venus. Since Venus is the 
second planet from the sun, and the earth is the third, 
Venus' orbit is inside ours. As Venus passes between the 
earth and the sun, it appears to us as a crescent. When Venus 
is on the side opposite the sun from us, it appears full but 
smaller because it is farther away. Since Venus is nearer 
the sun it is much warmer than the earth. Its size and gravity 
are about like ours. It, too, turns on an orbit. Probably, 
like Mercury, one.side of it ::ts always facing the sun. Its 
surface is always hidden beneath thick white clouds. These 
are good reflectors of sunlight. Water vapor is not present 
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in the clouds. Perhaps they contain some sort of dus.t. They 
are proof there is no atmosphere on Venus. So far no oxygen 
has been found there, but there may be some beneath its clouds 
nearer the planet's surface. 
If we could visit Venus, it would probably be a life-
less desert. Venus, so beautiful, from far away, would prob-
ably be a most dreary place to us. No one has ever seen any 
more of Venus than its layers of clouds. These are made up, 
probably, of poisonous gases. 
Venus is 26,000,000 miles away from earth and thus 
comes closer to us than any other planet. Even amid the glare 
of city lights, people sometimes look up and see in the early 
evening sky, when the sun has just set, the dazzling brilliant 
glare of Venus shining. 
Mars. This is the most interesting planet of all. 
There is a better chance of finding living things here than 
on any other planet, except earth. Its temperature is about 
the same as the temperature on earth. Scientists also believe 
there may be land formations here. 
Mars gets its name from the Greek god of war, presumably 
because of its red color. For this reason it is called the 
"red planet. 11 This red color is .caused by the oxidation of 
iron on its surface. In other words, Mars has rusted. 
Mars is slightly more than half the diameter of the 
earth. Two polar caps, white patches, appear at the planet's 
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north and south poles. After much study, scientists have de-
cided these must be patches of snow. Green patches, that 
sometimes turn to brown, have also been seen by scientists. 
They wonder if these are plants that grow and die every season 
on Mars. There is very little oxygen or water vapor on Mars 
and yet, scientists feel there may be plant and animal life 
there. 
Gravity on Mars is about one-fourth as strong as the 
earth's, so you can jump four times as high there. 
When Mars comes nearest to us, it is about thirty-five 
million miles away~ It comes that close only once every 
seventeen years.. The last close approach of Mars to us was 
in 1956. 
Mars is a fairly small world, about half the size or 
the earth. Its surface has many clear markings. They move 
across the disc, vanish, and later reappear, showing that Mars 
rotates. As the planet spins, one part then another, turns 
toward the sun, receiving light and warmth. One full turn 
takes twenty-four and one-half hours. This is the length of· 
the day on Mars. The year on Mars is nearly twice as long as 
ours. While the planet is going around the sun, its axis is 
tilted just about as much as the earth's. So Mars, too, has 
seasons. Mars is a cold planet because of its distance from 
the sun. It receives about less than half as much light and 
heat as the earth. At the poles of Mars, the temperature is 
far below zero most of the year. Along the equator the days 
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may be as warm as our mild, autumn days, but the nights are 
rar below rreezing. Mars is believed to have a network o~ 
lines covering it. These have been called canals by some 
people who think they are ditches, constructed by intelligent 
beings, to carry water into the deserts. Perhaps they are 
just accidental patterns, rormed by darker rocks which, at 
such a great distance, seem to run together to rorm lines. 
Or they may be patches or streaks or windblown sands or dir-
rerent colors. No one knows ror sure. 
Scientists say that on Mars certain plants can grow in 
air. They ~eel that these plants may be Lichens, something 
like moss, which sometimes grow on rocks or bare mountains. 
The climate on Mars is suitable to the growing or Lichens. 
Possibly rields near the equator are covered with them and in 
these rields they appear like great colored splotches on the 
surface or Mars. The rest of the planet appears to be a sandy 
desert. 
Astronomers tell us, i~ we could explore Mars we would 
be amazed by its flatness and the bleakness of its scenery. 
In the daytime, the sky would look violet because of the thin-
ness or the air. The sun would appear small and dim. We 
would see not one moon in the sky but two, s~all and dim. The 
sun would appear tiny, too. One or these moons.races around 
Mars three times during its day and night. The other goes 
more slowly, requiring a whole Martian day ror its trip. Our 
own moon could also be seen, but it would look like part o~ a 
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double star. The other large part would be the shining star. 
Astronomers would just love to go to Mars and see if their 
ideas about it are correct. 
Pluto (Mysterious Planet X). An American astronomer, 
Percival Lowell, was among those scientists who believed there 
must still be another planet beyond Neptune. In 1905, the new 
observatory, founded by Lowell at Flagstaff, Arizona, began 
the search for it. The search for it was carried on for many 
years and the unknown planet was spoken of as ttMysterious 
Planet x.n Atter twanty-five years the search at last ended 
and in 1930 a little dot, in a different position at different 
times, was identified as the long sought Planet X. Since the 
other planets were named after ancient gods, astronomers de-
cided to call the newly discovered planet Pluto, after the 
Roman god of the underworld. It is mostly known through 
photographs. This is a fitting name for Pluto as it is over 
3 1/2 billion miles from the sun and very likely it is always 
in darkness. It is a small world not much bigger than Mer-
cury. It takes about 248 of our years to travel around the 
sun. Some scientists believe its orbit is such that Pluto 
must have once been a moon of Neptune and somehow it escaped. 
The discovery of Pluto was a great milestone in astron-
omy. As with Neptune, astronomers predicted the planet would 
be found in a certain area in the sky. Neptune would have 
been noticed sooner or later by casual observers but only the 
most elaborate scientific search could ever have found Pluto~ 
Perhaps one or more planets lie beyond Pluto and some 
day scientists may find them. 
Earth. In the sky is a great huge ball of rock. Water, 
soil, and sand cover most of the rock. In the soil green 
plants grow and animals crawl among these plants. We find 
creatures here who walk on two legs. They speak different 
languages. How can you see this wonderful land?. Just look 
around you. It is the planet we live on, the Earth. 
You cannot see how the earth is shaped, from the ground. 
When you cross the fields the land seems flat. However, re-
member you are looking at only a small part of the big world. 
A small part of a big ball looks flat. Yet there is a way 
of telling the earth is round. At the seashore you often see 
a distant ship. Only the top shows. The lower part is hidden 
by the earth's curve. If the earth were flat, you could see 
the whole ship. Anything flat has ends. But, the earth has 
no ends. Some people travel all around the world. No one 
ever falls off. A strong force pulls everyone and everything 
down toward the earth's center. This force is gravity. Sand 
and soil are·held down by this force. It keeps 'the sea from 
spilling its water. Without gravity everything would fly 
away. 
The planet that belongs t~ us is the best known planet. 
It is our home, the Earth. Planets are worlds in the sky. 
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Every planet is ball shaped, but the ones we see from the 
earth are so far away they look like dots of light. Only 
through a telescope do they have a ball shape. Since we live 
on the earth all our views of it are close up views. From 
the ground we see only a small part of the earth at a time. 
Each part we see looks flat except where there are mountains 
and valleys. Yet we know the earth is round. If we watch 
ships go out to sea, their hulls fade from sight first. Next 
to disappear are their smoke stacks and last of all their 
masts. If the earth were flat, the ships would just become 
smaller and smaller, until no one could see them. The earth 
is so big we would have to be out in space to observe its· 
roundness. Earth is the. third planet from the sun. 
Our earth is never still. It is always spinning in 
the sky. Just like a top it keeps spinning around. The earth 
spins so steadily we never feel it turn. Each spin takes the 
same time, twenty-four hours. In that time we have day and 
night. When the earth turns us toward the sun we have day 
and when it turns us away from the sun we have night. 
Long ago people thought that something happened to the 
sun at night. People who lived near the sea thought it fell 
into it. People who lived near a hill thought the sun fell 
behind it. T0day, however, we know the sun is always in the 
sky. We see the sun rise as our part of the earth turns 
toward it. And we see the sun set as our earth turns away 
from it. Sunlight cannot go through the earth. So one part 
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is always covered with a big shadow. This shadow makes night. 
Experiment 
Get a. globe. Use a piece of some kind of tape to pu.t 
a small marker on the land where you live. Get a flashlight. 
Then darken the room. Turn the flashlight on. Pretend it is 
the sun. Now spin the globe. s:e.e how the shadow of the 
marker moves. It moves from side to side. It grows shorter 
and longer again. Thatts how shadows move on the spinning 
earth. When the marker is having darkness~ your home is having 
night. 
The earth~ too, casts a shadow. A ball will always 
cast a round shadow, no matter which way you turn it. The 
circular shadow cast by the earth as it turns is another proof 
of the earthrs roundness~ 
Every 365 1/4 days, or once a year, the earth revolves 
around the sun. As the earth moves, there is a change in the 
way it receives the sunlight. This is what. causes us to have 
four different seasons each year. The tilt of the earth's 
axis has much to do with this. When the earth's axis is 
tilted toward the sun about June 21, the sun shines straight 
on the earth to give us summer heat. When the earth's axis 
is tilted away from the sun about December 21, the sunts heat 
is spread out, and we have winter. 
The earth has seasons because, while the earth is re-
volving around the sun, it is also rotating on its tilted 
axis. The earth travels about 1000 miles a minute. Luna is 
the earth 1 s only moon. The earth travels in the same orbit 
year a~ter year. 
Spinning through the day and night; through summer, 
winter, autumn, and spring, the earth goes on its never ending 
journey in the sunlight. It is only a small part or the uni-
verse. 
Planets in the Solar System. In ancient times, sky 
.. 
watchers were puzzled because or the changing appearance o~ 
some planets. They sometimes seem to grow larger or bigger. 
The solar system theory of Corpenicus explains these changes. 
Experiment 
In order to carry out this experiment, you will need 
an unshaded electric light, two rubber balls, and a room that 
has been darkened. Some planets like Mars seem to grow smaller 
and larger, so let Mars be one of the balls. The second ball 
will represent the earth. Have a classmate hold the ball which 
represents Mars, and you hold the ball that represents the 
earth. Let the Mars ball slowly revolve in a circle around 
the sun (represented by the electric light). Notice, now and 
then, how Mars appears. As Mars moves away from the sun, does 
it seem to grow smaller? As it comes closer, what happens? 
If the earth were at the center instead of the sun, 
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would it be possible for this change to take place'! Try it. 
The earth does not stand still while Mars is on the 
march. Both Mars and the earth travel around the sun but at 
different speeds. 
in 365 1/4 days. 
The earth goes completely around the sun 
It takes Mars 687 days to make the same 
journey. For this reason, Mars seems very large since it is 
quite close. It seems to shrink as it moves away from the 
earth. The size of the other planets seems to change too. 
This is one of the proofs of Corpenicus' theory. We would 
not see any changes in the size of the other planets if the 
earth were in the middle of the Solar System. 
Making a Chart of the Solar System 
Today we know much about the size of the planets and 
their distances from the sun. 
In the following list you can find out the actual 
diameter of each planet. In one column you will find the 
size of the circle to cut to fit each planet on the chart. 
You will need a piece of w»apping paper 15 feet long. Tack 
this onto a wall of the room. Paint it a deep blue. You may 
paste strips of dark blue crepe paper on the wrapping paper. 
The diameter of the sun is 864,000 miles. 
Planet 
Mercury 
Venus 
Diameter 
3100 miles 
7700 
" 
Size o"f Circle 
l/4 
5/8 
circle 
Jl 
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Planet Diameter Size of Circle 
Earth 7920 miles 5/8 circle 
Mars 4218 n 3/8 Tf 
-
Jupiter 85;700 11 6 3/4 ft 
Saturn 71,000 " 5 1/2 tt 
Uranus 3~000 lf 2 "1/4 tt 
Neptune 33,000 ft 21/4 " 
Pluto Between 2000 1/4 Tf 
and 6000 miles 
Distances in the Solar System are measured in millions of 
miles. From the figures below you can find the number of 
miles from the sun to each planet and the inches from the rim 
of the sun. 
. ' . "\ ; ' ,'·-
,·' 
Planet Miles from Sun 
Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pl'a,t<i> -
i ; 
36 
67 
93 
142 
483 
886 
1782 
2.793 
... . :· . 
'. :.._ • J, •• J ..... ' ··- ~,., .. ~~.,.. .;;. - ~ 
----
million 
tl 
TT 
TT 
n 
Tl 
" 
ft 
tl 
·-:~ .. ._- ·. . 
.l;,. ·• 
\,-~ : ~·- J 
,. 
~.~ .. ·;~ ~. , . t~~.·"t'' 
..... - ~' 
·,_~- : 
:h. 
.- ... 
<1 ,~~;L~ /J~·:}· ~;:~j~~~- · 
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GRAVITY 
Hundreds of years ago most people thought the earth to 
be as flat as it looks. They said if the earth were a ball 
no one could live on its underside of it in the sky. Those 
who did not fall off the earth would have to hang like in-
sects from a ceiling. When this happened, there would be a 
rush of blood to their heads and this would kill them. 
Then we began to have·world travelers. They soon dis-
covered the earth had no under or upper side. The people who 
live in the northern half of the world stand with their feet 
on the ground and their heads high in the air, just the same 
as the people in the southern half of the world do. Since 
globes are made north at the top and south at the bottom, 
people often say nup Northrr and ttdown South. n Yet up is 
really toward the sky and down is toward the center of the 
earth. 
If you should travel from the United States to South 
America you would travel south, net down. Remember, youtll 
never fall off the earth. 
The earth always pulls at things that are in the air 
or on its surface. You feel this pull when you try to lift 
something or when you move your body. This pull is really 
gravity. It holds you down to earth and if you should jump 
up it pulls you back. When you throw a ball, it is gravity 
that slows it down. The faster you throw a ball, the higher 
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it will go ~or it just takes that much gravity to slow it down 
and pull it back. I~ you could throw it ~ast enough the ball 
would never return. This is because as the ball goes higher 
and higher, the pull of gravity gets weaker and weaker. To 
beat gravity, you would have to throw the ball about 25,000 
miles per hour. This would be difficult since the fastest 
airplane can do only several thousand miles an hour. 
Gravity does not go on and off. Scientists have been 
studying this force ~or a long time and know it never stops 
working. Experiments that led to the discovery of gravity 
were made more than 3,000 years ago. Everything has gravity. 
Something big, with a lot of matter in it, has more gravity 
than something small with just a little matter. Even an apple 
has some gravity. The gravity of the huge earth is extremely 
strong. For this reason it would be dif~icult to get away 
from this planet. Everywhere the pull of gravity is toward 
the earth. 
METEORS AND GO MET S 
Meteors. Are you aware our earth is growing? Every 
second thousands of small particles o~ stone and iron fall 
onto our planet. These are called meteors. In size, they are 
no bigger than a pinhead. Yet the earth 1 s weight is increased 
by these 1,000 or more pounds each day, since so many o~ these 
~all. This daily gain in weight is not noticed in a body as 
big as our earth. In time, however, our earth will be much 
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bigger than it is today, if meteors continue to strike at the 
present rate. Most meteors vaporize before they strike the 
earth, for they travel through the earth's atmosphere with 
such speed. When they vaporize nothing is left but gas and 
dust. A few of the bigger ones land as a big chunk of rock 
called a meteorite. Meteors can now be detected by astronomer~ 
with radar telescopes. Previous to the invention of these 
instruments, no one realized how many meteors rained down on 
us. 
On a clear night if you watch long enough you are bound 
to see a few meteors. Then, they really look like shooting 
stars. Occasionally, a very big meteor appears. If it burns 
as brightly as a brilliant star it is called a fire-ball. 
Sometimes these fire-balls explode. 
It is seldom the landing of a meteor is seen but sci-
entists feel about 2,000 of these land each year. Most meteors 
are no bigger than a pebble or perhaps a grain of sand. Those 
made of iron are usually bigger than the stony ones. The 
earth has been dented in a few places by giant meteors. When 
a giant meteor crashes into a layer of rock, it explodes and 
blasts a great round hole in the rock. This is called a 
crater. So few of these craters are known that scientists 
think they are really big meteors. Astronomers feel that 
craters are made only once in several thousands of years. 
A crater nearly a mile wide can be found in Arizona. 
Trees over 700 years old grow around it, so it must have been 
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formed a long time ago. For years scientists tried digging 
under its floor hoping to find a giant meteorite. They found 
one large chunk weighing half a ton, and many small pieces of 
iron. The meteor that formed this crater must have exploded 
into thousands of pieces. 
Scientists have been asked, ttWb.ere do meteors come from?r 
They know some come from broken comets, and believe others may 
come from shattered asteroids. Some may. be loose matter left 
over from a time when the planets were formed. Meteors travel 
around the sun in swarms. They range in size from big chunks 
of rock to specks of dust. A meteor show is named after the 
constellation in which it seems to start. Usually, the four 
most brilliant meteor showers of the year are:. 
The Perseides from Perseus due August 12 
The Orionoids from Orion due October 19 
The Leoni des from Leo due November 14 
The Geminids from Gemini, the .twins, due December 12. 
We do not have to worry about meteors hitting us. The 
air around us protects us. Nearly all the meteors that strike 
the earth are turned into gas and dust before they fall. 
Comets. Across the sky, about once every twenty-five 
years a trail is blazed by a comet. This is certainly a 
beautiful sight to see. There are numerous comets but with-
out a telescope, few come near enough to our planet and few 
are bright enough to be seen with the naked eye. 
In its first appearance, a comet looks like a hazy 
patch of light. It seems to move very slowly among the stars 
and to rise and set with the sun. Each night its brightness 
seems to grow. Finally a brill'iant star-like core seems to 
appear in its patch of haze. Next a gleaming tail seems to 
grow, which is made of stuff so thin that stars can be seen 
through it. Sometimes this tail is stubby and sometimes it 
is very thin. It may have two or three parts to it. Once a 
comet appears it may remain visible for many days or weeks. 
Some comets come back again and again. Although a comet is 
made up of gas molecules, the same as the earth is, the gas 
molecules in a comet are fewer and farther apart. 
Because of the gravitational pull, a comet may be made 
of stone or ice that travel together. 
The path of most comets are long narrow ovals. The 
distant part of a comet 1 s orbit is far out from th.e sun, while 
the nearer part of the orbit is quite close to the sun. A 
comet remains tailless until it nears the sun. Then, with the 
pressure of sunlight working on its head, the comet forms a 
tail. As the comet nears the sun, the tail streams behind it. 
Sunlight is reflected by the head and the tail glows when the 
gas molecules in it become excited by the sunts rays. The 
tail of the comet keeps. streaming outward as the comet travels 
outward from the sun. Finally, the tail.disappears. The next 
time a comet approaches the sun, it may send out a new tail. 
From time to time the comets change their orbit although the 
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planets do not change theirs. Comets are flimsy things, easily 
upset by the gravity of the planets. 
In 1845 many people saw a comet split in half. It was 
due to return in seven years, but instead two comets appeared. 
Each of these comets travelled side by side. But the twins 
did not come back again. When they were expected the sky was 
filled with shooting stars or meteors, as scientists call them. 
The twin comets must have fallen to pieces. Since then other 
showers of meteors have been seen from time to time, as the 
earth has cut across paths of vanished comets. 
Comets vs. Meteors. Comets differ from meteors. 
Meteors shine because of their tremendous heat caused by fric-
tion from their passage through the atmosphere. Comets fly 
millions of miles to escape earth's atmosphere. They shine 
very brightly from the sunshine they reflect, and from the 
dust particles of which they are composed. 
THE AIR ABOVE US 
The earth has a blanket of air that surrounds it all 
the time, everywhere it goes. It is like a vast ocean, and 
we are at the bottom of it. It reaches above us for about 
600 miles. Higher up than this the particles of air are very 
far apart. Sometimes we think the air is thin. 
Scientists have found out that the air is divided into 
different layers. Each of these layers has a long name. The 
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bottom layer is the troposphere. This is about eight miles 
deep. Above this layer is the stratosphere. This is forty 
miles deep. Explorers have not gone as far into this layer 
of air as weather balloons have and rockets have. The iono-
sphere is the next layer of air. 
The troposphere contains nine-tenths of all the air, 
since the pull of gravity is strongest there. This is called 
the zone of weather. 
The lower part of the stratosphere is very, very eold. 
Sometimes it is 70 or more degrees below zero. Here there are 
no clouds or storms. The air in the· stratosphere is so very 
thin that explorers must take a supply of oxygen with them. 
Many times, when we see shooting stars, they are in the 
ionosphere. These shooting stars are tiny bits of rock that 
have fallen into our air. In the ionosphere, too, we find the 
beautiful northern lights. Even though the air in the iono-
sphere is very thin, as bits of rock fall through it, they be-
come white-hot. 
A bucket full of air is very light in weight. It would 
take about 800 bucketfuls of air to weigh as much as one pail 
full of water. But the gravity of this ocean of air is very 
great. It pushes down with a great deal of force. If we did 
not have blood in our heads and air to breathe we would be 
mashed as flat as pancakes. Air is all around you, pressing 
in all directions. We can use air to move many kinds of 
things. Here is how you can find out air is a mover. 
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Experiment 
Hold a piece of paper in front ot your lips. You know 
that there is air pressing all around the paper. 
If you take away the air from one side, what will hap-
pen to the air on the other side of the paper? 
Suck air into your mouth and you will find out. 
The paper moves toward your mouth because the air on 
the other side of the paper pushes it. 
We ean make something move by taking air away from one 
side. The air on the other side pushes it. 
Air is a mixture of gases that surrounds the earth. 
It contains oxygen which all living things need. 
ASTEROIDS 
Between the or@its of Mars and Jupiter lies a big gap 
of space. For many years astronomers thought there must be a 
planet in that space. They made very careful searches and 
pointed telescopes toward it. But no one came across a planet. 
Some wondered if there might be a shattered planet there. 
In the year 1801 astronomers were extremely excited 
when they discovered a point of light moving in the space be-
tween Mars and Jupiter. They followed it for many nights. 
The newly discovered body was called Ceres, after the Roman 
goddess of the harvest. When astronomers measured Ceres, how-
ever, it was only 4Bo miles wide. Alas, Ceres was not a planet! 
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Within a ~ew years three other little bodies.similar 
to Ceres were discovered. Later with the aid of cameras and 
telescopes, hundreds more were found. Only one of these could 
be seen with the naked eye. This was Vesta. A dozen turned 
out to be more than 100 miles wide and yet some were less than 
a mile wide. 
All are barren rock and they lack air, life, and water. 
They look like stars when viewed through a telescope. Because 
of this they are called asteroids, which means starlike. 
Sometimes these are known as nplanetoids. 11 
Asteroids have been found to move against a background 
of stars. Asteroids are not all shaped alike. They have 
many different shapes. Some are shaped like balls and some 
are like dwarf planets. Many more are very jagged and are 
like chunks of mountain flying through space. This jaggedness 
makes us believe they are pieces broken off some bigger body. 
Perhaps they are the remains of some planet that ~ell apart. 
IT there were such a planet it must have been quite small. 
All the asteroids together weigh only one-twentieth as much 
as our moon. Great distances separate the asteroids. Tiny 
asteroids circle the sun just as the planets do. Each has its 
own path and some take three years to make the trip around the 
sun. Others take six years ~or the same trip. Their orbits 
sometimes slant above or below those of the planets. 
Most of the asteroids, but not all, travel between the 
orbits of Mars and Jupiter. Some asteroids come quite close 
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to earth. Er0s, which is brick shaped, is sometimes only 
14 million miles away from earth. Hermes is sometimes only 
a million miles away from earth. 
If ever a large asteroid should strike our earth, our 
planet would be smashed to pieces. But this danger is very 
remote. Asteroids are all held in their orbit, by the same 
forces that control the planets. 
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I. TEST ON THE SUN 
True or False 
l. People long ago worshipped the sun. 
2. The sun is a huge ball of glowing gas. 
3. The sun.is smaller than the earth. 
4. The sun gives us heat and light. 
5. The sun is not the center of the Solar System. 
6. The sun rotates around the earth. 
7. The sun does not affect the wind. 
8. Sunspots do not move. 
9· Sunspots are great storms. 
10. There are no metals in the sun. 
11. The part of the sun that doesn't show is a halo. 
12. The sun has a family. 
13. The sun1 s family has nine members in it. 
l4. The earth revolves around the sun once a year. 
15. The earth rotating on its axis around the sun 
causes day and night. 
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II. TEST ON THE MOON 
True or False 
1. The moon is made of solid rock. 
2. The moon shines with the light of the sun. 
3. The moon is larger than the earth. 
4. It would take 50 moons to make one earth. 
5. There are no hollows in the moon. 
6. The moon seems to have eyes, nose, and mouth. 
7. The moon travels around the earth. 
8. Each night a different side of the moon is 
towards us. 
9·· There is plenty of air and water on the moon. 
10. Plants and animals live on the moon. 
III. TEST ON THE STARS 
True or False 
1. The stars are balls of glowing ga.s. 
2. Stars are really suns. 
3. Stars do not travel around each other. 
4. There are only a few stars in the heavens. 
5. Star pictures are all the same. 
6. The color of a. star tells how hot it is. 
7. Stars are farther away from us than the sun. 
8. In the southern sky we see the same constellations 
of stars all year round. 
9· The North Star gives us directions. 
10. The white stars are the hottest. 
, . ., :!-., . 
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IV. TEST ON TEE PLANETS 
True or False 
1. Mercury is nearest the sun. 
2. ·ven~s is larger than the earth. 
3. The earth rotates ~rom west to east. 
4. Mars is called the nred planet.n 
5. Neptune is the most distant planet. 
6. Pluto was discovered a little more than twenty-
five years ago. 
7. Jupiter is not the largest planet. 
8. Venus is surrounded by rings. 
9. There are seven planets. 
10. Mars is named for the king o~ the gods. 
v. TEST ON GRAVITY 
True or False 
1. The force of gravity is pulling all the time. 
2. It is gravity that makes a ball go faster. 
3. The faster you throw a ball, the higher it 
will go. 
4. The force of gravity is weak in higher places. 
5. If you could throw a ball fast enough it would 
never return. 
6. Far, far out the pull of gravity is very strong. 
7. The fastest airplane only goes 1000 miles per 
hour. 
8. Gravity is holding everybody in place on the 
earth. 
9. Down is really away from the center of the 
earth. 
10. The earth is always pulling at objects on its 
surface. 
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TEST ON METE©RS ANB COMETS 
True 0r False 
1. Meteors are always very large. 
2., Meteers do not i-nerea.se the weigkt of the 
earth. 
3. Meteors sometimes vaporize and leave onlya"'!lst 
7. 
or gas. 
"t,,:' :· <~ /'!' ~ .. , : 
Meteorites are chunks of rock or stone tJ.:iit't ., ' 
travel. 
Very few meteors fall on ~s tbro~gh the year. 
Scientists believe aboat 2GOO meteors lana on 
the earth each year. 
. "'· ·~ :~.e ,_,_ Meteers sometimes cal.Qse craters to form eta rocks. 
8. Most meteors are no bigger than a pebble. 
9· Graters are made every year. 
10. Trees over 700 years old grow arormd a crater 
in Arizona. 
11. Meteors do not travel around the sun. 
12. Scientists kn.ow that some meteors come f'rom 
broken comets. 
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VII. TEST ON TEE AIR ABOVE US 
True or False 
1. Air covers the earth all the time. 
2. The air is divided into different layers. 
3. The bottom layer is called the ionosphere. 
4. The middle layer is called the stratosphere. 
5. The top layer or air is called the troposphere. 
6. The zone or weather is the troposphere. 
7. It is very, very cold in the stratosphere. 
8. Shooting stars are in the ionosphere. 
9. A bucket ~ull or air is very light in weight. 
10. The beautiful northern lights are in the iono-
sphere. 
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VIII. TEST ON ASTEROIDS 
True or False 
1. Asteroids are too small to be a world. 
2. The width of asteroids is always the same. 
3. Vesta is an asteroid that can be seen with 
the naked eye. 
4. All asteroids lack air, water, and light. 
5. asteroids cannot be seen through a telescope. 
6. An asteroid and a planetoid are the same. 
7. Asteroids are almost all one shape. 
8. Asteroids are very heavy in weight. 
9· Asteroids are separated by short distances. 
10. Most asteroids travel between the orbits of 
Mars and Jupiter. 
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·KEY TO TESTS 
I. 1. T II. 1. T III. 1. T IV. 1. T 
2. T 2. T 2. T 2. F 
4: F 
': 
F 4: F 4: T T T F T 5. F 5. F 5. F 5. F 6. F 6. T 6. T 6. T 
7- F 7· T 7· T 7· F 8. F 8. F 8. F 8. F 
9· T 9· F 9· T 9· F 
10. F 10. F 10. F 10. T 
11. T 
12. T 
1,. T 1 • T 
15. T 
v. 1. T VI. 1. F VII. 1. T VIII. 1. T 
2. F 2. F 2. T 2. F 
4: T ~: T ~: F ~: T T T T T 5. T 5. F 5 .. F l: F 6. F 6. T 6. F T 
7. F 1· T ?. T 7· F 8. T 8 .. T 8. T 8. F 
9· F 9· F 9· T 9· F 
10. T 10. T 10. T 10. ~ 
11. F 
12. T 
Air:: 
Asteroids:: 
Axis. 
Canals: 
Comets:: 
Corona:· 
Craters: 
Earth: 
Eddy: 
Fir~ balls:· 
Gravity~ 
Helium:. 
Ionosphere: 
.Jupiter: 
Maria: 
Mara:. 
Mercury:: 
Meteor~ 
Meteorites:: 
Moonlets:: 
Neptune~ 
GLOSSARY 
A mixture o~ gases which surrounds the earth. 
Starlike bodies. 
An imaginary line through the center o~ the 
earth. 
A network of lines covering Mars •. 
Great glowing balls with tails that look like 
a hazy patch of light across the sky. 
A part of the sun not usually seen. 
Low places in the moon. 
Our planet, third one away from the sun. 
Current of air or water. 
Meteors as bright as brilliant stars. 
A force pulling everything toward a center. 
A gas found in the sun. 
Top layer of air. 
Fifth planet from the sun • 
Flat areas on the moon. 
Fourth planet from the sun~ 
Planet nearest the sun. 
A shooting star. 
Chunks of rock or atone that travel through 
the earth's atmosphere. 
Tiny, cold, dark bodies that shine with the 
light of the sun. 
Eighth planet from the sun. 
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Orbit:: 
Oxygen: 
Planet: 
Planetoids: 
Path travelled by heavenly bodies around the 
sun. 
A gas without color that makes up most of the 
air. 
One of the nine large bodies that travel 
around the sun. 
Star-like bodies that travel around the sun. 
Solar System: The sun with the nine planets and their 
moons which travel around it. 
Telescope: 
Uranus: 
An instrument that makes far away things look 
nearer and larger. 
Seventh planet from the sun. 
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CHAPTER VI 
G0N0L1:JSIGNS AD &'ltiOOESTI®N$ 
CHAPTER VI 
CONCLUSIONS AND SUGGESTIONS 
FOR FURTHER STUDY 
I. CONCLUSIONS 
As a result of this study the authors have assumed the 
following. 
1. There is a lack of science material in enriched 
language and activities geared to the level of the gifted 
child. 
2. There is a lack of enriched s~ience material with 
suitable vocabulary for the gifted child in grade four. 
3. Rigidity in grade specifications in teaching sci-
ence may thwart the interest of the gifted child unless the 
material, subject matter, and activities are enriched, thus 
making them suitable to the gifted childts level of compre-
hension. 
4. A. highly motivated, enriched presentation of science 
material to the gifted child may arouse in him a lifelong in-
terest in science. It may develop into not only an avocation, 
but also a vocation in the scientific field. 
5. Enriched materials help to insure against boredom 
in the gifted child in a regular classroom. 
6. There seems to be a similarity of teaching within 
the different science series, yet a disagreement of grade 
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level presentation. 
II. SUGGESTIONS FOR FURTHER STUDY 
1. Construct a survey to reveal the incidence of the 
high I.~. in the average classroom. 
2. Make a study to determine the level of intelli-
gence, at which a child may be considered gifted. 
3. Make a study of the physical and emotional charac-
teristics of the gifted child. 
4. Construct an objective mathematical analysis of 
material presented in most science text books. 
5. Create a study for revealing the needs of the 
gifted child in the present day classroom. 
6. Compile a science vocabulary for the primary and 
intermediate grades. 
7. Add to this study by preparing materials in the 
other science areas. 
8. Revise the activities and worksheets in the study 
for primary and intermediate use. 
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